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PREFACE. 



When employed in the Revenue Survey of India I had occasion to perceive 
the want of a method of finding traverses for bearing and distance shorter 
and easier than any of the methods commonly in use. After some consider- 
ation I devised and constructed a table to every 5' of bearing and 100 of 
distance, which, when written out to 4 figures with differences for the odd 
minutes and used by an intelligent computer, seemed to answer perfectly the 
purpose I had in view. On further reflection however it appeared that, as the 
proportional parts for minutes were sometimes to be added and sometimes 
to be subtracted, and as I could not reckon on having always intelligent 
computers ; and that even in their hands the proportional parts were liable to 
be applied with the wrong sign; my first attempt, therefore, did not perfectly 
supply the desideratum. To avoid entirely the use of differences I saw that 
the traverses must be given for every 2' ; those for the intermediate minutes 
being readily found by taking the intermediate tabular values. 

The present Table was computed by taking the natural sines and cosines 
given in the common 7 figure tables, and adding each successively up to 100 ; 
the correctness of the work being proved at every tenth result. From the 
slips so prepared the types were set up by the computers ; and so carefully 
was this done that the errors in setting up averaged less than one per page. 

When these errors had been corrected, and after two more readings no fault 
could be found, an impression was taken on a composition ; and on this com- 
position a stereotype plate in copper was deposited by the electrotype process. 



VI PREFACE. 

This work is probably the fiist example of this process as applied to tables. 
Besides other advantages it has that great one that it does not injure the face 
of the type, as will be seen from the last pages being as clear as the first. 

The character of the type is peculiar. It was designed for legibility ; in 
which respect it may serve to show that the supposed advantage of imequal 
figures with heads and tails is due, not to inequality of size but, to the relative 
proportions of the face and body of the figures, or to that of the face and clear 
space between the figures. 

In view of all that has been urged in favour of heads and tails I am unable 
to perceive that, in the Useful Knowledge Societ/s reprint of Lalande, the 3 
logarithms at the bottom of the first column of page 26, or the 4 at the bottom 
of the first column of page 96, are less legible than any of the lines of unequal 
sized figures. 

The figures here given have a slope of 1 in 6, approximating to common 
writing, and half-way between the upright Roman and the common Italic. I 
have endeavoured that every part (especially the tops) of the figures should be 
distinctive, and not liable to be mistaken for any part of any other figure. 
How far I have succeeded must be left to the judgment of those who use the 
tables. 

ROBERT SHORTREDE. 

London, Octcher 18Ad. 



I. DESCRIPTION OF THE TABLES. 



1. The body of the Table gives to 5 figures the Traverses for angles differing by 2', and for dis- 
tances up to 100. The distances, 50 on each page, are given in the outside columns. The degrees, 
at the top and bottom, are given for the four quadrants, in order going round by the right; those 
of the first quadrant being in type larger than the others. The 10 minute columns are separated 
by vertical rules, and titled at top and bottom on the inner margin. For the intermediate minutes 
2', 4', 6', 8', the columns are separated by spaces^ but are without title. The columns IC, 
20', 40', 50' have double titles — ^the upper title belonging to the first and third or dexter quad- 
rants, and the lower to the sinister^ or the second and fourth. The titles 0' and 30' are common 
to all the degrees where they occur. 

2. The leading figures at the edge of each part of the page belong, as usual, to all the columns 
in the line, except when there is a change in the decimal part from 9 to or from to 9, of 
which notice is given by a black diamond. The tens and fives of the vertical columns are 
separated horizontally by nUea and spaces, so as to facilitate reference. 

3. The body of the Table being true in the last figure to 5 places will be sufficient for most 
of the purposes to which it may be applied ; and as it coidd be done without inconvenience, 
and in some cases might be useful to have the radical values of the sines and cosines to 7 
places, a line containing the last 3 figures is given at the bottom of the right hand page imder 
distance 100, (and similarly under the left hand page under distance 50); the first figure of these 
supplementary lines corresponding to the last figure of the line immediately above it 

4. It is to bo observed that when in these bottom lines the supplementary value exceeds 
500 the fifth figure in the tabular number has been increased; and therefore in such cases, 
when appending these supplementary figures, the last significant figure of the tabular number 
must be diminished by unity. 

5. After the Traverses, a table of natural Tangents is given to every 10', the leading figures of 
which are convenient when the Traverse Tables are used for the solution of cases in plane 
Trigonometry. 

6. At the end of the volume is given an abbreviated table of traverses at the middle of 
each degree, together with the variations for a change of 10' in bearing ; the use of which, in 
closing and adjusting the angles and sides of a circuit, is shown at § 15-17 of the Introduction 
following. 

II. USE OF THE TABLES IN COMMON SURVEYING. 

1. This Table, being essentially a canon of right-angled triangles, may be used in various 
branches of applied mathematics; but its principal use, and that for which. chiefly it was con- 
structed, is to facilitate in common surveying the finding of traverses for bearings in degrees 
and minutes and for distances in chains and links. 

2. With the given bearing in degrees and minutes at the top or bottom of the page, and 
with the distance in Chains at the margin, take out the tabular quantities for the parts marked 
Cos and Sin ; then with the Links as a distance, from the same or corresponding vertical column, 
add the tabular quantities removing them 2 places to the right ; the sums give respectively the 
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tiaverses for Cos. and Sin, ; otherways called distances on the meridian and on the perpendicular ; 
as also, difference of latitude and departure. For every separate bearing and distance the 
traverses are found in the same way; and, as in all half-quadrantal tables, it is to be observed 
that the bearings enter indifferently from the top or bottom, as the case may be. 

£xAlfPLB I. 
Required traverses for 23^*50' and distance 37*86 (pp. 144, 145.) 

COS. SIN. 

In col. 23"^ 60' dist 37 gives 33*846 14-961 

•86 -787 -348 



37-86 



34-632* 



16-299 



£XAMPIJE II. 
Bequired traverses for bearing 116^ 32', and distance 73'28 (pp. 166-154.) 

COB. BIN. 

115'' 32^ dist 73 gives 31389 65*907 

28 120 253 



73-28 31-509 66160 

3. The following is an example showing the ordinary use of the Tables for giving the Traverses 
of a surveyed circuit : — 



StatdoDB. 


ADglee. 


BearingB. 


Distances. 


TlraToraea. 










M. 


& 


B. 


w. 


A 


96° 06' 


213^05' 


















129 10 


44-60 




27*789 


34-114 




B 


139 13 








316 


388 








88 23 


48*63 


1-354 




47-981 




C 


116 41 






18 




630 








25 04 


43-03 


38-950 




18-218 




D 


116 48 






27 




13 








321 52 


63-65 


49-554 






38-902 


£ 


299 55 






611 






401 






11 47 


37-32 


36*220 




7-555 




F 


107 32 






313 




66 








299 19 


28-73 


13*710 






24*414 


G 


81 19 






357 






636 






200 38 


32-44 




29*947 




11-276 


H 


247 43 








412 




155 






268 21 


33*98 




0-950 




32-986 


I 


68 53 








28 




980 






167 14 


54-60 




49-793 


20..897 




K 


236 51 








563 


232 








213 06 


37-27 




31-001 
226 




20-197 
147 


1440 00 


141-014 


141-016 


130-093 


130-094 



* In these and the foDofwing examples, the tniTenes are taken out to S places of decimals, as ffiten by the Tables. 
In ordinarr practioo, bowerer, it will be soiBoient to use only 2 places, talang care to make the Uuit figure true to the 
nesjrest omt 
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4. After a little practice, by pointing with one hand to the chains and with the other to the 
links, it will be easy at sight to write out the sums of the two portions of the traverses, with- 
out the necessity of separate addition. This^ however, may be left to the convenience of the 
computer. 

5. In common surveying, by bearing and distance, when a circuit is closed by coming to the 
point started from, if the work be correct, the sum of the observed internal angles should, abating 
one circumference, be equal to twice as many right angles as the figure has sides: and the 
traverses reduced with the bearings deduced from the observed angles should give the sum of 
the Northings equal to that of the Southings, and the sum of the Eastings equal to that of the 
Westings. 

6. It wiU often happen that neither of these conditions is strictly fulfilled. Every angle, 
being the difference between two observations each of which is read to the nearest minute, may 
have a possible error of ± V even when the work is carefully done; besides which there are 
errors arising from the Theodolite not being properly centred over each station point; and also 
from the distances of the points observed being measured to the nearest link, and therefore with 
a possible error of ± half a link. The errors in centering will often be an inch, and seldom 
more than 2 inches, which if at right angles at distances of 4*34 and 8*68 chains would give an 
error of 1' in angle; besides the error due to a possible half link or 4 inches in the measure- 
ment of the next side, according to its obliquity. 

7. The traverses taken to the nearest link may possibly be in error to the extent of a link, if 
the error on the last tabular figure should happen to be of the same kind as that on the 
measured distance. 

8. Sometimes there occurs an omission of a whole Chain in a measured distance ; and some- 
times also a mistake in noting the tens in the links : to guard against these it seems indispen- 
sable, at least in the more important work — such as Main Circuits — ^that the distances should 
be measured twice over ; first with the standard chain, and then with another of sensibly difflsr- 
ent length ; or, and perhaps preferably, by a Perambulator following from station to station. The 
different indications would check errors in the fiield, without danger of collusion. The additional 
expense would be well bestowed if it ensured correctness in the Main Circuits. 

9. With these principles in view, if we consider the outline of a circuit to be represented by 
inflexible rods variable in length to the extent of half a link, and inclined to each other at the 
observed angles variable to the extent of 1' for errors of observation and centering the simplest 
way of closing the circuit, so as to fulfil the fundamental conditions, is to consider, on the 
supposition that the ends of the rods representing the beginning and end of the circuit were 
brought together, what changes would be produced on the lines and angles, yet so as to have 
these changes not to exceed the limits allowed by the principles above stated 

10. If we have a circuit as A B C, 4&c. X Y Z, and take out the traverses for the bearings as 
given by the observed angles, it may often happen that though the angles may sum to the 
proper quantity, yet the traverses may give as the point arrived at from Z not the true origin A, 
but another point a differing from it by. some sensible quantity A a. 

11. The usual way of disposing of this error is to distribute it on the several traverses in 
proportion to their lengths, as shown in the following example : — 
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Stfttions. 


Angles. 


BearingB. 


Dteteium. 




TntTanes. 




A 


92° 


_ 127" 




N. 


8. 


B. 


w. 


1 






39 


54 


41-966 




33-983 




B 


122 






-16 




-^7 








341 


76 


71-859 






24-743 


C 


22t 






-28 






-5 






25 


59 


53-472 




24-934 




D 


107 






-21 




+ 5 








312 


35 


23-420 






26010 


E 


129 






-9 






-5 






261 


33 




5162 




32-594 


F 


254 








+ 2 




— i 






335 


59 


53-472 






24-934 


a 


253 






-21 






-5 






48 


38 


25-427 




28-240 




H 


227 






-10 




+ 6 








95 


29 




2-528 


28-890 




I 


86 








+ 1 


+ 6 








1 


67 


66-990 




1169 




K 


131 






-26 












312 


47 


31-449 






34-928 


L 


144 






-12 






-7 






276 


70 


7-317 






69-617 


M 


236 






-3 






-14 






332 


40 


35-318 






18-779 


N 


119 






- 14 






-4 






271 


61 


1065 






60-991 





119 












-13 






210 


72 




62-354 




36-000 


P 


210 








+ 24 




— 7 






240 


50 




25000 




43-301 


Q 


104 








+ 10 




-9 






164 


81 




77-862 


22-327 




R 


224 








+ 30 


+ 5 








208 


74 




65-338 




34-741 


s 


98 








+ 25 




-7 






126 


36 




21-160 


29125 




T 


211 








+ 8 


+ 6 








157 


70 




64-435 


27-351 




U 


209 








+ 25 


+ 6 








186 


29 




28-841 




3-031 


V 


128 








+ 11 




-1 






134 


40 




27-876 


28-774 




W 


147 








+ 11 


+ 6 








101 


27 




5152 


26-504 




X 


152 








+ 2 


+ 6 








73 


69 


20174 




65-985 




Y 


206 






-8 




+ 14 




1 




99 


40 




6-257 1 


39-508 




Z 


208 








+ 2 


+ 8 








127 


66 




39-720 


52-710 




a 










+ 15 


+ 11 




4140 


431-929 


431*595 


409-500 


409-669 




+0 


SumBof O 


srrections. 


-168 


+ 166 


-85 


-84 


4140 


431-761 


431-761 


409-585 


409-585 
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12. This ifl a fongli-and-ready method, which in many cases will suffice, particnIarlyVhen the 
corrections are small, but it is by no means a perfect method ; for not only is there an alteration 
of the distances measured, but it may happen that traverses which in one circuit are lengthened 
may require to be shortened in another circuit adjoining it. Moreover, the traverse so corrected 
would in several cases belong properly to bearings sensibly dififerent from those previously used. 
In the present case, there would be a change of about V on each of the forward bearings at A, C, 
G, O, P, R, X ; and, of course, a corresponding change in the adjacent angles. 

13. If the distances have been properly measured (§ 9), instead of altering them, we might 
put the corrections entirely on the angles and bearings. This could not well be done in the Main 
Circuits (where only it could be required) if the detail work were to follow immediately in the 
same season, for then of necessity the main circuits must bo got out of hand as quickly as pos- 
sible ; but it might very properly be done by having the main circuits surveyed in the preceding 
season, in order to allow, during the recess, the time and leisure necessary to adjust each main 
circuit so as to fit in properly to those adjoining it 

14. In the present case the traverses differ by -334 on the meridian, and by '169 on the per- 
pendicular, giving the distance Aa = -374, with a bearing of about 333^. This may be called the 
neutral line. Considering this neutral line as a meridian, a little consideration will servo to 
show that^ for a given change of angle at any station, the lateral effect on the position of a will 
bo in proportion to the meridional distance of the angular point, and that the meridional effect will 
be in proportion to the traverse or perpendicular distance of the angular point. Hence, if changes 
be made on several of the angles, the lateral effect will be neutralised if the sums of the meridional 
distances giving + and - effects be made equal to each other. The resulting effect on the direct 
distance Aa will be in proportion to the algebraic sum of the transverse distances of the respective 
angular points. Then, since at 34*38 chains a change of 1' on angle corresponds to 1 transverse 
link, the gap Art = 37*4 links may be dosed by a change of 1' on a number of angles, the trans- 
verse distances of which in the aggregate are 37 '4 x 34*38 = 1287 chains ; care being taken that 
their meridional distances satisfy the conditions as to neutral effect laterally. 

15. This may be considered as a graphic method of adjustment; but, for convenience of nume- 
rical calculation, it vn\\ be more expedient to make use of the tables for Variations on the meridian 
and perpendicular given at the end of the traverses, writing out opjwsite to each bearing and dis- 
tance the variations coiTesponding to 1'. From the outline of the circuit it Ls easy, in a general way, 
to note the angles mainly requiring increase or decrease. Then taking some probable corrections, 
and applying them in order to the bearings, and multiplying for each the tabular variation for 1' 
by the number of minutes, the cumulative effect will be the algebraic sum of the whole. This 
will give a result more or less approximate, and by repeating the process the adjustment may bo 
obtained as close as may be desired 

16. In this manner, the following adjustment of the preceding circuit was obtained :— 
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Variations 
fori'. 


Statimia. 


Angles. 


Bsarings. 


Distances. 




TVmTenes 


adjasted. 




* 


A 


o / 

92 


127 + 1 




IT. 


B. 


E. 


w. 




9 9 12 4 


B 


122 


39 + 1 


54 


41-956 




33-995 




7 3 20 8 


C 


224+1 


341 


76 


71-859 






24-743 


7 6 15 5 


D 


107-2 


25 + 1 


59 


53-465 




24-950 




76 68 


E 


129 


312-1 


35 


23-412 






26-017 


93 1 5 


F 


254-1 


261-1 


33 




5-171 




32-592 


7 3 15 5 


G 


253+1 


335-2 


59 


53-458 






24-966 


82 76 


H 


227 + 1 


48-1 


38 


25-435 




28-233 




84 7 


I 


86-1 


95 


29 




2-528 


28-890 




3 19 5 


K 


131 


1-1 


67 


66-990 




1*149 




10 2 9 2 


L 


144-2 


312-1 


47 


31-439 






34-937 


20 2 18 


M 


236-1 


276-3 


70 


7-256 






69-623 


5 4 10 2 


N 


119-1 


332-4 


40 


35-296 






18-820 


8 3 





119 + 1 


271-5 


61 


0-976 






60-992 


10 5 18 2 


P 


210+1 


210-4 


72 




62-396 




35-927 


12 6 7 2 


Q 


104+1 


240-3 


50 




25-037 




43-280 


6 5 22 6 


B 


224-1 


164-2 


81 




77-849 


22-372 




10 1 19 


s 


98+1 


208-3 


74 




65-368 




34-684 


85 62 


T 


211 


126-2 


36 




21-143 


29-137 




8 19 8 


U 


209 


167-2 


70 




64-419 


27-389 




9 84 


V 


128 +'l 


186-2 


29 




28-843 




3-015 


84 81 


W 


147 + 2 


134-1 


40 




27-778 


28-782 




77 15 


X 


152 


Idl + l 


27 




5-160 


26-502 




19 3 5 9 


Y 


206 


73+1 


69 


20-154 




65-991 




115 18 


Z 


208 


99+1 


40 




6-269 


39-506 




15 2 11 6 






127+1 


66 




39-735 


52-698 






1440-00 




431-696 


431-696 


409-594 


409-596 



* If the quadrants be mariced NE; 8E, SW, NW, in natural order, a Tarfation + or — in the bearing will affect 
the oompated Ua ^ ei s o s according to the name of the next adjoining quadrant, in the aame order as the Tariation, 
+ totheri«^t» — totheleli: that is, in the first qusdrmnt the effect of a-l- Tariation will be toward the SE ; in the 
Moond quadrant a + Tariation will affect the traTsrse towards the SW ; and similarly a — variation in the third 
quadrant will affbct the Uav e iB es towards the SE ; and so on throughout 
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17. In applying conectdonB of this sort to the angles of the circnit as obsenred, particular care 
must be had not to disturb the bearings of such of the sides as may have been determined astro- 
nomically for azimuth. 

18. When a circuit is put up, if the observed angles do not sum to the proper quantify, it is 
a common piactice to distribute the error at nearly equal distances throughout the circuit A 
much better method would be to find at once the traverses using the observed data undUered^ 
and then from the discrepancy between A and a, and between A B and a &, the points and bear- 
ings started from and arrived a^ together with the aid of a rough sketch, to judge at what stations 
the angular error could best be disposed of so as also to diminish the distance between A and a. 

19. Having thus so iar disposed of the error in the sum of the angles, the traverses may be 
corrected in one or other of the methods above shown, or by a combination of both, as may 
be most expedient 

20. The adjusted traverses may now be used to find the area of the circuit by means of 
what is called the Universal Theorem, which is only a continued application of the principle 
that the area of a trapezium is its height into half the sum of its parallel sidea 

21. Having found, by algebraic addition of the successive traverses, the perpendicular 
distance of each station from the meridian of the first point, take the sum of each pair, 
which multiply by its proper meridional traverse, and ranging the -i- and — products in their 
proper column, take the sum of the whole ; then half the diflerence of the + and - products 
is the area. 

BZAMPLRS IN THE FfRBT CIRCUIT ABOVE GIVEN. 



Stations. 




Tnvenet 


inChaint. 




Sums of 
Perpendioa- 


Sums of 
Pain. 


Products. 




N. 


8. 


B. 


w. 


0-000 




+ 


— 


A 




28-105 


34-502 




34-502 


34-502 




96-97 


B 


1-372 




48-611 




83-113 


117-615 


16-14 




C 


38-977 




18-231 




101-344 


184-457 


718-96 




D 


60-065 






39-303 


62-041 


163-385 


817-99 




E 


36-533 




7-620 




69-661 


131-702 


481-15 




F 


14-067 






25-050 


44-611 


114-272 


160-75 




G 




30-359 




11-431 


33-180 


77-791 




236-17 


H 




0-979 




33-966 


-0-786 


32-394 




3-17 


I 




50*346 


21-129 




20-343 


19-557 




98-46 


K 




31-227 




20-344 


- 0-001 


20-342 




63-52 
















2194-99 


498-29 














Area 

1 


- 498-29 


Acres. 


1696-70 


848-35 
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m. USE OF THE TRAVERSES FOR FINDING PROPORTIONAL PARTS. 

Whenever one quantity is required proportional to another, by taking the greater quantity as 
radius the less -will be represented by the sine or cosine of some angle ; at which angle the 
numbers in the body of the table and those in the side argument will be to each in the given ratio. 

For Example : — ^To turn French Metres into English Yards, and vice venfa, taking the Metro as 
unity, the Yard is -91438 = cos. 23^-53' ; or the Foot being unity, the Decimetre is 32809 
= sin. 19°-19' ; or the Inch being unity, the Centimetre is 37371 = sin. 23^11'. 

In like manner the transverse diameter of an eclipse being unity, the conjugate will be some 
sine, at which part of the table, the side aiguments representing parts of the semiaxis, the tabular 
numbers will represent corresponding parts of the semiordinates : and similarly in all other cases. 



IV. USE OF THE TABLE IN PLANE TRIGONOMETRY. 

Besides giving by inspection traverses in common surveying, the table, being essentially a canon 
of right-angled triangles, may be used for the solution of all such cases ; and, by means of a 
perpendicular, in cases of oblique-angled triangles also. 



RIGHT-ANGLED TRIANGLES. 

C being the right angle, h the hypothenuse, b the base, and j^ the perpendicular opposite the 
angle A, 



CaM. 


Given. 


Sought 


Solution. 


1 


J, A. 


ft,f>. 


On the page containing the angle A, and opposite the distance A, by direct 
use of the table^ we have b = h cos. J, and p = h sin. A. 


2 


A,b 


h,p 


Using the table inversely, find for A the value next less than that of i, 
for which as cos. A take the mai*ginal value of A, and add the value corre- 
sponding to the remainder of the given value of I. 

With this value of h find /> as in Case 1. 








Find to 2 or 3 pUces t, with which a8 cos. i4 find in the variation 








table at the end an approximate value of A ; then in the body of the table, 
the exact value of ^1 is found, where by trial, the proper value of b corre- 
sponds to the distance h : then with h and A we have p = h sin. A, 


3 


h,h 


A,p 


! " t!^fi2 S? -'^^'- ^ ^; ^^^ ^^^^^ ^We for this 
p = 37-62 40 67 ^^.^ ^ ^ 23^ne;irly. 








A 22-40 2°2-50 


•628 40 -628 2240 








p 40 36-910 36-866 
•67 618 617 


•483 60 -620 + 1*8 
•046 : 10 : : 008:18 i4 = 22418 








40-67 37-628 37483 I 



USE OF THE TABLE IN PLANE TBIGONOlfETBT. 



XV 



Case. 


Given. 


Sought. 


Solutton. 






Find to 2 or 3 placei^ t , with which as tan. A find in the table of tan- 








gents an approximate value of A ; the tme value in the body of the table 
where the value of 6 as c<m. corresponds to that of /> as ain. 


• 


- 




b = 37*52 15*69 

37^35 ~ '^^ corresponding by table of tangents to 

^ ~ A = 22*50 nearly. 
A 22-46 22*50 


4 


b,p 


A,k 


A 40 b 36*910 p 15*415 h 40* b 36*866 p 15*522 
'66 609 2543 69 6357 2678 
11 4 2 184 78 


40-661 37-620 15*6697 40*692 37*520 15*7976 








•69 661 6697 
•0203 -031 -1279 








then 1279 : -0203 : : lO' : l'-6 : : '031 : -005 








22* 40' 40*661 








^ = 22''41'*6 A = 40-666 



OBLIQUE-ANGLED TRIANGLES. 

A^ By G being the angles, and a^ b^ c the opposite sides ; p the perpendicular, m and n the 
s^^ents A P and C P of the base. £y means of a peipendicular, every case is reducible to 
some of the cases of right-angled triangles. 



Caae. 


Given. 


Sought 


Solution. 






5 


A,B{0 
a 


b,c 


a. sin. C - p =^€, sin. A; . * . c is 
given by the second Caise above. 

«» = c. coa A,n-a cos. C; 
b-m + n, the sign is algebraic. 


] 


B 


6 


A, c, a. 


b, C 


c. sin. il = /? = a sin. C (3). C \a 

ambiguous when a < c 

b = m + n when a > c; 

when a< c b = m ± n. 


P 1 


7 


A,b,c. 


a, C 


p = c, an, A,in = c.cos. il ; n^b-tn, 
Cia obtuse if wi >b 

then n = m - b. 


k^^ 1 


1 


8 


a, b, c 


A,B,C 


b : a + c : :a ^ c : (m *^ n)f which 
with b = (m '\- n) gives m and n. 
With cand m find A (3) ; and with 
a and n find C (3); 
as also the perpendicular f>,if wanted. 


C P 



Many other applications of the tables might be made, but these may suffice. 
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-1890 


64-938 


•0082 


2-835 


•1889 


65 


67 


66-997 


•0017 


0-585 


-1949 


66-977 


•0051 


1-754 


-1948 


66-936 


•0085 


2-922 


•1947 


67 


69 


68-997 


•0018 


0-602 


•200 7 


68-976 


•0053 


1-806 


-200 6 


68-934 


•0088 


3-010 


•2005 


69 


71 


70-997 


•0018 


0-620 


•2065 


70-976 


•0054 


1-859 


•2065 


70-932 


•0090 


3-097 


•2063 


71 


73 


72-997 


•0019 


0-637 


•2123 


72-975 


•0056 


1-911 


•2123 


72-931 


•0093 


3-184 


•2121 


73 


75 


74-997 


•0019 


0-654 


•2182 


74-974 


-005 7 


1-963 


•2181 


74-929 


•0095 


3-271 


•2180 


75 


77 


76-997 


•0020 


0-672 


-224 


76-974 


-0059 


2016 


•2239 


76-927 


•009 8 


3-359 


•223 8 


77 


79 


78-997 


•002 


0-689 


•229 8 


78-973 


•006 


2-068 


•2297 


78-925 


•otoo 


3-446 


•2296 


79 


81 


80-997 


-0021 


0-707 


-2356 


80-972 


-0062 


2120 


•2355 


80-923 


•0103 


3-533 


•2354 


81 


83 


82-997 


-0021 


0-724 


-2414 


82-972 


-006 3 


2-173 


•2414 


82-921 


•0105 


3-620 


•2412 


83 


85 


84-997 


•0022 


0-742 


-2472 


84-971 


-0065 


2-225 


•2472 


84-919 


•0108 


3-708 


-2470 


85 


87 


86-997 


•0022 


0-759 


-253 1 


86-970 


-0066 


2-277 


•253 


86-917 


•Olio 


3-795 


-2528 


87 


89 


88-997 


-0023 


0-777 


-2589 


88-969 


-006 8 


2-330 


•2588 


88-915 


•0113 


3-882 


-2586 


99 


91 


90-997 


-0023 


0-794 


-2647 


90-969 


-006 9 


2-382 


•264 6 


90-913 


•0115 


3-969 


-2645 


91 


93 


92-996 


-0024 


0-812 


-2705 


92-968 


•0071 


2-434 


-2704 


92-911 


•0118 


4-057 


-2703 


93 


95 


94-996 


-0024 


0-829 


-2763 


94-967 


•0072 


2-487 


-2762 


94-910 


•0121 


4*/44 


-2761 


95 


97 


96-996 


-0025 


0-846 


-2822 


96-967 


•0074 


2-539 


•2821 


96-908 


•0123 


4^231 


•2819 


97 


99 


98-996 


-0025 


0-864 


•288 


98-966 


JOOJJ 


2-592 


•2879 


98-906 


•0126 


4'3/« 


•2877 


99 


. 


Sin. 


810' 


Cos. 


810' 


Sin. 


810' 


Cos. 


a 10- 


Sin. 


810' 


Cos. 


8 Iff 


:^ 


























^ 


270* 30* 


89* 30* 1 


27r 


30' 


88* 30r I 


272*^ 30* 


BT 30^ 


^ 


269* 


' 3(f 


90* 


30' 1 


268* 3& 


91* 


30' 


26r 30' 


92* 30' 
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Traverses for the middle 


of each Degree. 






• 


35«r 3& 3" aff 


355 


'^ 30' 


4' 


30' 


35A 


"30' 


5" 30' 


• 




183 


• 30' I76r 3& 


184 

Cos. 


• 30' 


17 5^* 


30' 

a/0' 


185" 30' 

Cos. a/0' 


174" 


3& 


•1 


Cos. 


ii& 


Sin. 


a/0' 


il& 


Sin. 


Sin. 


ii& 


/ 


0-998 


-0002 


0-061 


"''0029 


~l0^97~ 


"^0002 


0-078 


'-0029 


C995 


-0003 


0-096 


•0029 


/ 


3 


2-994 


-0005 


0-183 


-008 7 


2-991 


-000 7 


0-235 


•008 7 


2-986 


-0008 


0-288 


•008 7 


3 


5 


4-991 


-0009 


0-305 


•0145 


4-985 


-001 1 


0-392 


-0145 


4-977 


-0014 


0-479 


-0145 


5 


7 


6-987 


-0012 


0-427 


-0203 


6-978 


-0016 


0-549 


-0203 


6-968 


-002 


0-671 


•0203 


7 


9 


8-983 


-0016 


0-549 


-0261 


8-972 


-002 1 


0-706 


•0261 


8-959 


•0025 


0-863 


•0261 


9 


II 


10-979 


-0020 


0-672 


-0319 


10-966 


-0025 


0-863 


•0319 


10-949 


•003 1 


1054 


•0318 


II 


13 


12-976 


-0023 


0-794 


•037 7 


12-960 


-003 


1-020 


•037 7 


12-940 


-003 6 


1-246 


•0376 


13 


15 


14-972 


•0027 


0-916 


•0436 


14-954 


-0034 


1-177 


•0435 


14-931 


•0042 


1-438 


-0434 


15 


17 


16-968 


-003 


1-038 


•0494 


16-948 


-003 9 


1-334 


•0493 


16-922 


•004 7 


1-629 


•0492 


17 


19 


18-965 


•0034 


1-160 


-0552 


18-941 


•0043 


1-491 


•055 1 


18-913 


•0053 


1-821 


•0550 


19 


21 


20-961 


•003 7 


1-282 


-0610 


20-935 


•004 8 


1-648 


•0609 


20^903 


•0059 


2-013 


•0608 


21 


23 


22-957 


-0041 


1-404 


-066 8 


22-929 


-005 2 


1-805 


•066 7 


22-894 


•0064 


2-204 


•0666 


23 


25 


24-953 


-0044 


1-526 


-0726 


24-923 


-005 7 


1-961 


•0725 


24-885 


007 


2-396 


•0724 


25 


27 


26-950 


•004 8 


1-648 


-0784 


26-917 


-0062 


2-118 


•0783 


26-876 


-0075 


2-588 


•0782 


27 


29 


28-946 


•0052 


1-770 


-0842 


28-911 


•0066 


2-275 


•0841 


28-866 


•0081 


2-780 


•0840 


29 


31 


30-942 


•0055 


1-893 


•090 


30-904 


•0071 


2-432 


•0899 


30-857 


•008 6 


2-971 


•089 8 


31 


33 


32-938 


-0059 


2-015 


•095 8 


32-898 


•0075 


2-589 


•095 7 


32-848 


•0092 


3-163 


•0955 


33 


35 


34-935 


-0062 


2-137 


•1016 


34-892 


•008 


2-746 


-1015 


34-839 


-0098 


3-355 


•1013 


35 


37 


36-931 


-0066 


2-259 


•1074 


36-886 


•008 4 


2-903 


-1073 


36-830 


•0103 


3-546 


•1071 


37 


39 


38-927 


-0069 


2-381 


•1132 


38-880 


•0089 


3-060 


•1131 


38-820 


•0109 


3-738 


•1129 


39 


41 


40-924 


•0073 


2-503 


•1190 


40-874 


•0094 


3-217 


•1189 


40-811 


•0114 


3-930 


•1187 


41 


43 


42-920 


•0076 


2-625 


•124 8 


42-867 


•0098 


3-374 


•1247 


42-802 


•0120 


4-121 


•1245 


43 


45 


44-916 


•008 


2-747 


•130 7 


44-861 


•010 3 


3-531 


•1305 


44-793 


•0125 


4-313 


•1303 


45 


47 


46-912 


-0083 


2-869 


•1365 


46-855 


•010 7 


3-688 


•1363 


46-784 


•013 1 


4-505 


•1361 


47 


49 


48-909 


-008 7 


2-991 


•1423 


48-849 


•0112 


3-844 


-1421 


48-774 


•0137 


4-696 


•1419 


49 


51 


50-905 


•0091 


3-113 


•1481 


50-843 


•0116 


4-001 


•1479 


50-765 


•0142 


4-888 


•1477 


51 


53 


52-901 


-0094 


3-236 


•153 9 


52-837 


•0121 


4-158 


•153 7 


52-756 


•0148 


4080 


•1535 


53 


55 


54-897 


-0098 


3-358 


•159 7 


54-830 


•0126 


4-315 


-1595 


54-747 


•0153 


5-272 


•1592 


55 


57 


56-894 


-010 1 


3-480 


•1655 


56-824 


•0130 


4-472 


-1653 


56-738 


•0159 


5-463 


•165 


57 


59 


58-890 


•0105 


3-602 


•1713 


58-818 


•0135 


4-629 


-171 1 


58-728 


•0164 


5-655 


•1708 


59 


61 


60-886 


•010 8 


3-724 


•1771 


60-812 


'0139 


4-786 


•1769 


60-719 


'0170 


5-847 


•1766 


61 


63 


62-882 


•0112 


3-846 


•1829 


62-806 


-014 4 


4-943 


•1827 


62-710 


•0176 


6-038 


•1824 


63 


65 


64-879 


•0115 


3-968 


•188 7 


64-800 


•014 8 


5-100 


•1885 


64-701 


•018 1 


6-230 


•1882 


65 


67 


66-875 


•0119 


4-090 


•1945 


66-793 


•0153 


5-257 


•1943 


66-692 


•0187 


6-422 


•194 


67 


69 


68-871 


•0123 


4-212 


•2003 


68-787 


•0157 


5-414 


•200 1 


68-682 


•0192 


6-613 


•1998 


69 


71 


70-868 


•012 6 


4-334 


•2061 


70-781 


•0162 


5-571 


•2059 


70-673 


•0198 


6-805 


•2056 


71 


73 


72-864 


•013 


4-457 


•2120 


72-775 


•0167 


5-728 


•2117 


72-664 


•0204 


6-997 


•2114 


73 


75 


74-860 


•0133 


4-579 


•2178 


74-769 


•017 1 


5-884 


•2175 


74-655 


•0209 


7-188 


•2172 


75 


77 


76-856 


•013 7 


4-701 


•2236 


76-763 


•0176 


6-041 


•2233 


76-646 


•0215 


7-380 


•2229 


77 


79 


78-853 


•0140 


4-823 


•2294 


78-756 


•0180 


6-198 


•2291 


78-636 


•0220 


7-572 


•228 7 


79 


81 


80-849 


•0144 


4-945 


•2352 


80-750 


•0185 


6-355 


•234 9 


80-627 


•0226 


7-764 


•2345 


81 


83 


82-845 


•0147 


5-067 


•2410 


82-744 


•0189 


6-512 


•240 7 


82-618 


•023 1 


7-955 


•2403 


83 


85 


84-841 


•0151 


5189 


•246 8 


84-738 


•0194 


6-669 


•2465 


84-609 


-023 7 


8-147 


•2461 


85 


87 


86-838 


•0155 


5-311 


•2526 


86-732 


•0199 


6-826 


•2523 


86-599 


•0243 


8-339 


•2519 


87 


89 


88-834 


•015 8 


5-433 


•2584 


88-726 


•020 3 


6-983 


•2581 


88-590 


•024 8 


8-530 


•2577 


89 


91 


90-830 


•0162 


5-555 


•2642 


90-719 


•020 8 


7-140 


•2639 


90-581 


•0254 


8-722 


•2635 


91 


93 


92-827 


•016 5 


5-678 


-270 


92-713 


•0212 


7-297 


•269 7 


92-572 


•0259 


8-914 


•2693 


93 


95 


94-823 


•0169 


5-800 


•2758 


94-707 


•0217 


7-454 


•2755 


94-563 


•0265 


9-105 


•2751 


95 


97 


96-819 


•0172 


5-922 


•2816 


96-701 


-0221 


7-611 


•2813 


96-553 


•0270 


9-297 


•2809 


97 


99 


98-815 


•0176 


6-044 


•2874 


98-695 

Sin. 


'0226 
1 10' 


7-767 

Cos. 


j???-n 


98-544 


_;0276 


9-489 


_;2866^ 


99 


1 


Sin. 


1 10' 


Cos' 


a 10' 


8I& 


^n. 


a/0' 


Cos. 


il& 


^ 















































273' 


' 30' se 3(y 1 


274' 


30' 


85'' 3(y 1 


275f 30r 


84* 30' 1 


^ 


266' 


3& 93* 


30^ 1 


265r 3(f 


94" 


3, 1 


264" 


30' 


95^ 3(f \ 



17* 



AUXILIARY TABLEa 







Traverses for the middle 


of each Degree. 








353 


"^ 3(y e 3(r 


352 


° 30' 


r 30' 


351 


"30' 


8" 30' 




i 


186 


• 30' 173" 


30' 


I8r 30' 


172" 


30' 


188 


'30' 


171" 


30' 


^ 

(^ 


Cos. 


a/0' 


Sin. 


a 10' 


Cos. 


810' 


Sin. 


a/0' 


Cos. 


8l(f 


Sin. 


a/0' 


1 


0-994 


-0003 


0-113 


•0029 


0-991 


•0004 


0-131 


-0029 


0-989 


-0004 


0-148 


•0029 


1 


3 


2-981 


-0010 


0-340 


-008 7 


2-974 


-001 1 


0-392 


-008 7 


2-967 


-0013 


0-443 


•0086 


3 


5 


4-968 


-001 6\ 0-566 


-0145 


4-957 


-0019 


0-653 


•0/44 


4-945 


-0021 


0-739 


•0/44 


5 


7 


6-955 


'002 3\ 0-792 


-0202 


6-940 


-002 7 


0*9/4 


•0202 


6-923 


-003 


1-035 


•020/ 


7 


9 


8-942 


-003 1-019 


-026 


8-923 


•0034 


1-175 


•0260 


8-901 


•0039 


1-330 


•0259 


9 


// 


10-929 


-0036^ /-245 


'0318 


10-906 


-0042 


1-436 


-0317 


10-879 


-0047 


1-626 


-0316 


II 


/3 


I2'9I6 


•0043 /•472 


-0376 


12-889 


-004 9 


1-697 


-0375 


12-857 


-0056 


1-922 


-0374 


13 


15 


/4-904 


-0049 


1-698 


-0434 


14-872 


-005 7 


1-958 


-043 3 


14-835 


-0664 


2-217 


-0432 


15 


17 


16-891 


-0056 


1-924 


•049/ 


16-855 


-0065 


2-219 


•049 


16-813 


-0073 


2-513 


•0489 


17 


19 


18-878 


-0063 


2-151 


•0549 


18-837 


-0072 


2-480 


•054 8 


18-791 


-0082 


2-808 


•054 7 


19 


21 


20-865 


-0069 


2-377 


•060 7 


20-820 


•0080 


2-741 


•0606 


20-769 


•0090 


3-104 


•0604 


21 


23 


22-852 


-007 6 


2-604 


-0665 


22-803 


-008 7 


3-002 


-0663 


22-747 


•0099 


3-400 


•0662 


23 


25 


24-839 


-0082 


2-830 


-0723 


24-786 


•0095 


3-263 


-0721 


24-725 


-0107 


3-695 


-0719 


25 


27 


26-826 


-0089 


3-056 


•0780 


26-769 


-0i03 


3*524 


-0779 


26-703 


•0116 


3-991 


-0777 


27 


29 


28-8U 


-0095 


3-283 


-083 8 


28-752 


-Olio 


3-785 


•0836 


28-681 


-0125 


4*286 


•0834 


29 


31 


30-801 


-0102 


3-509 


-089 6 


30-735 


•0118 


4-046 


•0894 


30-659 


•0133 


4-582 


•0892 


31 


33 


32-788 


-0109 


3-736 


-0954 


32-718 


•0/25 


4-307 


•0952 


32-638 


•0142 


4*878 


•0949 


33 


35 


34-775 


•0115 


3-962 


-1012 


34-701 


•0/33 


4*568 


•/009 


34*6/6 


"0150 


5-173 


•100 7 


35 


37 


36-762 


-0122 


4-189 


-1069 


36-683 


•0/4 


4*829 


-1067 


36-594 


•0159 


5-469 


•1064 


37 


39 


38-749 


-0128 


4-415 


-1127 


38-666 


•0/48 


5091 


-1125 


38-572 


-016 8 


5-765 


-1122 


39 


4/ 


40-736 


-0135 


4-641 


-1185 


40-649 


•0/56 


5-352 


-1182 


40-550 


•0/76 


6-060 


•1180 


41 


43 


42-724 


-0142 


4-868 


-1243 


42-632 


-0/63 


5-613 


-124 


42-528 


-0185 


6-356 


'123 7 


43 


45 


44-711 


-0148 


5 094 


-1301 


44-615 


•0/7/ 


5*874 


-129 8 


44*506 


•0/93 


6-651 


-129 5 


45 


47 


46-698 


-0155 


5-321 


-1358 


46-598 


•017 8 


6/35 


-135 5 


46*484 


-0202 


6-947 


-135 2 


47 


49 


48-685 


-0161 


5-547 


-1416 


48-581 


-018 6 


6-396 


-1413 


48*462 


-021 1 


7-243 


-1410 


49 


51 


50-672 


•016 8 


5-773 


-1474 


50-564 


•0194 


6-657 


•1471 


50-440 


-0219 


7-538 


'1467 


51 


53 


52-659 


-0175 


6-000 


-1532 


52-547 


•020/ 


6*9/8 


-1529 


52-4/8 


-0228 


7-8U 


-1525 


53 


55 


54-646 


-0181 


6-226 


-1590 


54-529 


•020 9 


7-/79 


-158 6 


54-396 


-023 6 


8-/30 


-1582 


55 


57 


56-634 


-018 8 


6-453 


-1647 


56-512 


-0216 


7*440 


-1644 


56-374 


-0245 


8-425 


-1640 


57 


59 


58-621 


-0194 


6-679 


-1705 


58-495 


-0224 


7-701 


-1702 


58-352 


-0254 


8-721 


•1697 


59 


61 


60-608 


-020 1 


6-905 


-1763 


60-478 


-0232 


7-962 


-1759 


60-330 


-0262 


9-016 


•1755 


61 


63 


62-595 


-020 7 


7-132 


•182 1 


62-461 


-0239 


8-223 


-1817 


62-308 


•0271 


9*3/2 


•1812 


63 


65 


64-582 


-0214 


7-358 


-1879 


64-444 


-024 7 


8-484 


-1875 


64-286 


•0279 


9*608 


•1870 


65 


67 


66-569 


-0221 


7-585 


-193 6 


66-427 


•025 4 


8-745 


-1932 


66-264 


-0288 


9-903 


•192 8 


67 


69 


68-556 


-022 7 


7-811 


-1994* 


68*4/0 


•0262 


9 006 


-199 


68-242 


-029 7 


/0-/99 


•1985 


69 


71 


70-544 


-0234 


8 037 


-2052 


70-393 


-027 


9-267 


-204 8 


70-220 


-0305 


/0-494 


•2043 


71 


73 


72-531 


-0240 


8-264 


-2110 


72-375 


•027 7 


9-528 


-2105 


72-198 


-0314 


10-790 


-210 


73 


75 


74-518 


-024 7 


8-490 


-216 8 


74-358 


•0285 


9-789 


-2163 


74-176 


-0322 


11-086 


-2158 


75 


77 


76-505 


-0254 


8-717 


-2225 


76-341 


-0292 


10-051 


•2221 


76154 


-0331 


11-381 


-2215 


77 


79 


78-492 


-026 


8-943 


-228 3 


78-324 


-030 


10-312 


•2278 


78-132 


-0340 


11-677 


-2273 


79 


81 


80-479 


-026 7 


9-169 


-234 1 


80-307 


-030 8 


10-573 


•233 6 


80-110 


•0348 


11-973 


-233 


81 


83 


82-466 


-0273 


9-396 


-239 9 


8T290 


-031 5 


/ 0*834 


-2394 


82-088 


-035 7 


12-268 


-2388 


83 


85 


84-454 


-028 


9-622 


-245 7 


84-273 


•0323 


//-095 


-2451 


84066 


-0365 


12-564 


-2445 


85 


87 


86-441 


'028 6 


9-849 


-2514 


86-256 


-033 


//•356 


•2509 


86-044 


-0374 


12-859 


-2503 


87 


89 


88-428 


-0293 


10075 


-2572 


88-239 


-033 8 


11-617 


•256 7 


88 022 


•0383 


13-155 


-2560 


89 


91 


90-415 


-030 


10-301 


-263 


90-221 


-034 6 


11-878 


•2624 


90-000 


•039 1 


13-451 


-2618 


9/ 


93 


92-402 


•030 6 


10-528 


-268 8 


92-204 


-0353 


12-139 


-2682 


91-978 


•040 


13-746 


-2676 


93 


95 


94-389 


-0313 


10-754 


-274 6 


94-187 


•036/ 


12-400 


-274 


93.957 


•040 8 


14042 


-2733 


95 


97 


96-376 


-0319 


10-981 


-2803 


96-170 


•036 8 


12-661 


-279 7 


95.935 


•04/7 


14-338 


•2791 


97 


99 


98-364 


•032 6 


11-207 


-286 1 


98-153 


-037 6 


12-922 


-2855 


97.913 


•0426 


14-633 


•2848 


99 


Sin. 


llOf 


Cos. 


a/0' 


Sin. 


a/0' 


Cos. 


a/0' 


Sin. 


a/0' 


Cos. 


8l0r 


276 


• 30' 83- 


3(y 


27r 30' 


BT 30' . 1 


278" 


30' 


sr 30' 




263 


• 30' 96* 


30' 


262' 


•30' 


97* 


30' 1 


26r 


30' 


9tr 30' 
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350' 


' 30' 


r scy 


349' 


* 30' 10' 


30' 


348- 


30' 


II' , 


30' 




■1 


189* 


* 30' 


170' 


30' 


190* 


• 30' 169' 


30' 


191' 


'30' 


168' 


30' 


• 


Cos. 


810' 


Sin. 


a/0' 


Cos. 


810' 


Sin. 


a/0' 

'-0029' 


Cos. 

0-980 


a/0' 

-000 6 


Sin. 

0-199 


a/0' 

''-0029 


1 


0-986 


-0005 


0165 


•0029 


0-983 


-0005 


H-Tai' 


/ 


3 


2-959 


•0014 


0-495 


-008 6 


2-950 


-0016 


0-547 


•0086 


2-940 


-0017 


0-598 


•008 6 


3 


5 


4*931 


'0024 


0-825 


0143 


4-916 


-002 7 


0-911 


-0143 


4-900 


-0029 


0-997 


•0/43 


5 


7 


6-904 


-0034 


1155 


-020 1 


6-883 


-003 7 


1-276 


-020 


6-859 


•004/ 


1-396 


•020 


7 


9 


8 '877 


•0043 


1-485 


•0258 


8-849 


-004 8 


1-640 


-025 7 


8-819 


-0052 


1-794 


-025 7 


9 


// 


10-849 


•0053 


1-816 


•0316 


10-816 


•W)58 


2-005 


•0315 


10-779 


-0064 


2-193 


•0314 


// 


13 


12-822 


-0062 


2146 


-0373 


12-782 


•0069 


2-369 


-0372 


12-739 


-0075 


2-592 


-0371 


13 


15 


14-794 


-0072 


2-476 


-043 


14-749 


-008 


2-734 


•0429 


14-699 


-008 7 


2-991 


-0428 


15 


17 


16-767 


•0082 


2-806 


-0488 


16-715 


-009 


3-098 


•0486 


16-659 


-0099 


3-389 


-0485 


17 


19 


18-739 


•0091 


3-136 


-0545 


18-682 


-010 1 


3-462 


•0543 


18-619 


-Olio 


3-788 


-0542 


19 


21 


20-712 


•0101 


3-466 


•0602 


20-648 


•on 1 


3-827 


-0601 


20-578 


•0122 


4-187 


•0599 


21 


23 


22-685 


-Olio 


3-796 


-0660 


22-615 


-0122 


4-191 


-0658 


22-538 


-0133 


4-585 


•065 6 


23 


25 


24-657 


-012 


4-126 


-0717 


24-581 


-0133 


4-556 


•0715 


24-498 


-0145 


4-984 


-0713 


25 


27 


26-630 


-0130 


4-456 


-0775 


26-548 


-0143 


4-920 


•0772 


26-458 


-015 7 


5-383 


-0770 


27 


29 


28-602 


•0139 


4-786 


-0832 


28-514 


•0154 


5-285 


•0829 


28-418 


-0168 


5-782 


-0827 


29 


31 


30-575 


'0149 


5-116 


-0889 


30-481 


•0164 


5-649 


•088 7 


30-378 


-018 


6180 


-0884 


31 


33 


32-547 


'0158 


5-447 


-094 7 


32-447 


-0175 


6014 


-0944 


32-338 


•0191 


6-579 


-0941 


33 


35 


34-520 


'016 8 


5-777 


-1004 


34-414 


•018 6 


6-378 


•100 I 


34-297 


-020 3 


6-978 


-0998 


35 


37 


36-493 


•017 8 


6107 


-1062 


36-380 


-0196 


6-743 


•1058 


36-257 


-0215 


7-377 


•1055 


37 


39 


38-465 


-0187 


6-437 


-1119 


38-347 


-020 7 


7-107 


•1115 


38-217 


-0226 


7-775 


•1112 


39 


4/ 


40-438 


-019 7 


6-767 


-1176 


40-313 


•0217 


7-472 


•1173 


40-177 


-0238 


8-174 


-1169 


41 


43 


42-410 


•0206 


7-097 


-1234 


42-280 


-0228 


7-836 


•123 


42-137 


•0249 


8-573 


•1226 


43 


45 


44-383 


-0216 


7-427 


-1291 


44-246 


-0239 


8-201 


-1287 


U-097 


-0261 


8-972 


-128 3 


45 


47 


46-355 


'0226 


7-757 


•134 8 


46-213 


•0249 


8-565 


•1344 


46-056 


-0273 


9-370 


-1340 


47 


49 


48-328 


•023 5 


8-087 


•140 6 


48179 


•0260 


8-930 


•1401 


48-016 


-0284 


9-769 


-139 7 


49 


51 


50-301 


•0245 


8-417 


•1463 


50-146 


•0270 


9-294 


•1459 


49-976 


-0296 


10-168 


-145 4 


51 


53 


52-273 


-0254 


8-748 


-1521 


52-113 


•0281 


9-658 


-1516 


51-936 


-030 7 


10-566 


-154 1 


53 


55 


54-246 


•0264 


9 078 


-1578 


54-079 


-0292 


10-023 


•1573 


53-896 


•0319 


10-965 


-156 8 


55 


57 


56-218 


-0274 


9-408 


-1635 


56-046 


-0302 


10-387 


•163 


55-856 


•0331 


11-364 


-1625 


57 


59 


58-191 


•0283 


9-738 


•1693 


58-012 


-0313 


10-752 


•168 7 


57-816 


•0342 


11-763 


•1682 


59 


61 


60-163 


•0293 


10 068 


•1750 


59-979 


•0323 


11-116 


•1745 


59-775 


•0354 


12-161 


•1739 


61 


63 


62-136 


•0302 


10-398 


-180 7 


61-945 


-0334 


11-481 


•1802 


61-735 


•0365 


12-560 


•1796 


63 


65 


64-109 


-0312 


10-728 


•1865 


63-912 


•0345 


11-845 


•1859 


63-695 


•037 7 


12-959 


•1853 


65 


67 


66 081 


•0322 


11-058 


•1922 


65-878 


•0355 


12-210 


•/9/6, 


65-655 


•0389 


13-358 


•1910 


67 


69 


68 054 


-033 1 


11-388 


•1980 


67-845 


•0366 


12-574 


•/974 


67-615 


•0400 


13-756 


•196 7 


69 


71 


70-026 


•034 1 


11-718 


•203 7 


69-811 


•0376 


12-939 


•2031 


69-575 


•04/2 


14-155 


•2024 


71 


73 


71-999 


•035 


12-048 


-2094 


71-778 


•038 7 


13-303 


•2088 


71-535 


•0423 


14-554 


-208 1 


73 


75 


73-971 


•036 


12-379 


-2152 


73-744 


•039 8 


13-668 


•2/45 


73-494 


•0435 


14-953 


•2138 


75 


77 


75-944 


•037 


12-709 


•220 9 


75-711 


•0408 


14-032 


•2202 


75-454 


•0447 


15-351 


-2195 


77 


79 


77-917 


•0379 


13039 


•2267 


77-677 


•04/9 


14-397 


-2260 


77-414 


•0458 


15-750 


-2252 


79 


81 


79-889 


•0389 


13-369 


•2324 


79-644 


•0429 


14-761 


•2317 


79-374 


•0470 


16149 


•2309 


81 


83 


81-862 


•039 8 


13-699 


-2381 


81-610 


•0440 


15-126 


•2374 


81 -334 


•0481 


16-548 


•2366 


83 


85 


83-834 


•040 8 


14029 


•243 9 


83-577 


•045/ 


15-490 


•243 1 


83-294 


-0493 


16-946 


•2423 


85 


87 


85-807 


•0418 


14-359 


•2496 


85-543 


•046/ 


15-854 


-2488 


85-253 


-0505 


17-345 


•2480 


87 


89 


87-779 


•042 7 


14-689 


-2553 


87-510 


•0472 


16-219 


•254 6 


87-213 


-0516 


17-744 


•253 7 


89 


91 


89-752 


•043 7 


15019 


2611 


89-476 


•0462 


16-583 


•2603 


89-173 


-0528 


18-142 


•2594 


91 


93 


91-725 


-0446 


15-349 


-266 8 


91-443 


•0493 


16-948 


•2660 


91-133 


-0539 


18-541 


•2651 


93 


95 


93-697 


•045 6 


15-680 


•272 6 


93-409 


•0504 


17-312 


•2717 


93-093 


-0551 


18-940 


•2708 


95 


97 


95-670 


•046 6 


16-010 


•2783 


95-376 


•05/4 


17-677 


•2774 


95-053 


-0563 


19-339 


•2765 


97 


99 


97-642 

Sin. 


•0475 

a/0' 


16-340 


-284 


97-342 


•0525 


18041 

Cos. 


J2832 
810' 


97-013 


_y574 


19-737 


-2822 


99 


i 


Cos. 


a/0' 


Sin. 


810' 


Sin. 


8 Iff 


Cos. 


8I& 


^ 


















"" ~" ' " 






^ 


279* 30' 


80* 


30' 


280* 


' 30' 7sr sty 1 


281' 


30' 


78' 30' I 


^ 


260' 


30^ 


99* 


30' 


259' 


30' too' 


30' 1 


258' 


30' 


101' 


,0- 1 
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347* 30' 


IT 3(y 


346 


'30' ir30' 


345* 3& 14' 


30' 1 






192 


"30' 


i6r 3& 


/9J 


• 3& I66r 3(f 


/94' 


' 30' I65r 30r 


1 


Cos. 


a/0' 


Sin. 


a/0' 


Cos. 


oior 


Sin. 


a/0' 


Cos. 


a/0' Sin. 


ii& 


1 


0-976 
2-929 


-000 6 


0-216 


-002 


0^972 


•0007 


0-233 


-0020 


0-960 


-000 7 , 0-250 


•0028 


1 


3 


-0019 


0-649 


-0005 


2-917 


•0020 


0-700 


-0085 


2-904 


-0022 0-751 


•0084 


3 


5 


4001 


-003 1 


1-002 


-0142 


4-062 


•0034 


1167 


-0/4/ 


4-84/ 


•0036\ 1-252 


-0/4/ 


5 


7 


6-034 


-0044 


1-515 


•0/99 


6007 


•0040 


1-634 


•0/98 


6-777 


•005 li 1-753 


•019 7 


7 


9 


0-707 


-005 7 


1-940 


•025 6 


0-751 


•0061 


2-101 


•0255 


87/3 


•0066 


2-253 


•0253 


9 


II 


10-739 


•0069 


2-301 


•0312 


10-696 


•0075 


2-560 


'031 1 


10-650 


•000 


2-754 


•0310 


If 


13 


12-692 


-0002 


2014 


•0369 


12-641 


•0000 


3-035 


•0360 


12-506 


•0095 


3-255 


•0366 


13 


15 


14-644 


•0094 


3-247 


•0426 


14-506 


•0102 


3-502 


•0424 


14-522 


•010 9 \ 3-756 


•0422 


15 


17 


16-597 


•0107 


3-679 


•0403 


16-530 


•0115 


3-969 


•0401 


16-459 


•01241 4-256 


•0479 


17 


19 


10-550 


-0120 


4-112 


•0540 


10-475 


-0129 


4-435 


'053 7 


10-395 


•0130 


4-757 


-053 5 


19 


21 


20-502 


•0132 


4-545 


•059 6 


20-420 


•0143 


4-902 


•0594 


20-331 


-0153 


5-250 


-0591 


21 


23 


22-455 


-0145 


4-970 


•0653 


22-365 


•015 6 


5-369 


•0651 


Xt-267 


•0/68 


5-759 


•064 8 


23 


25 


24-407 


•015 7 


5-411 


•0710 


24-309 


•0170 


5 036 


•070 7 


24-204 


•0/82! 6-260 


•0704 


25 


27 


26-360 


•0170 


5-044 


•076 7 


26-254 


•0103 


6-303 


•0764 


26140 


-019 7 


6-760 


-076 


27 


29 


20-313 


•0103 


6-277 


•0024 


20-199 


•019 7 


6-770 


-0020 


20076 


-021 1 


7-261 


-0017 


29 


31 


30-265 


'0195 


6-710 


•0000 


30143 


'021 1 


7^237 


•0077 


30-0/3 


•0226 


7-762 


'0073 


31 


33 


32-210 


-0200 


7-143 


•093 7 


32-000 


•0224 


7-704 


•0933 


3/ -949 


-0240 


0-263 


-0929 


33 


35 


34-170 


•0220 


7-575 


•0994 


34033 


•0238 


0-171 


•0990 


33-005 


•0255 


0-763 


•0906 


35 


37 


36-123 


•0233 


000 


•105 1 


35-970 


•025/ 


0-637 


•1047 


35021 


•0269 


9-264 


-1042 


37 


39 


30 076 


-024 6 


0-441 


•1100 


37-922 


•0265 


9-/04 


•1103 


37-750 


•0284 


9-765 


-1090 


39 


4/ 


40-020 


•025 


0-074 


•1164 


39-067 


'027 


9-571 


•1160 


39-694 


•0299 


10-266 


•1155 


4/ 


43 


41-901 


•0271 


9-307 


•1221 


41-012 


-0292 


10-030 


•1216 


41-630 


•03/3 


10-766 


•121 1 


43 


15 


43-933 


•0203 


9-740 


•1270 


43-757 


•030 6 


10-505 


•1273 


43-567 


•032 


11-267 


•126 7 


45 


47 


45 006 


•029 6 


10-173 


•1335 


45-701 


'0319 


10-972 


•1329 


45-503 


•0342 


11-760 


•1324 


47 


49 


47 039 


•0309 


10-606 


•1392 


47-646 


•0333 


11-439 


•1306 


47-439 


•035 7 


12-269 


•130 


49 


51 


49-791 


•0321 


11-030 


•lUO 


49-591 


•0346 


11-906 


•IU3 


49-376 


•0371 


12-769 


•143 6 


51 


53 


51.-744 


•0334 


11-471 


•1505 


51-536 


•036 


12-373 


•1499 


51-312 


•0306 


13-270 


•1493 


53 


55 


53-696 


•034 6 


11-904 


•1562 


53-400 


•0374 


12-039 


•1556 


53-240 


•0401 


13-771 


•1549 


55 


57 


55-649 


•035 9 


12-337 


-1619 


55-425 


•038 7 


13-306 


•1612 


55-/84 


•04/5 


14-272 


•160 5 


57 


59 


57-601 


•037 1 


12-770 


-1676 


57-370 


•040/ 


13-773 


•1669 


57-121 


•0430 


14-772 


•1662 


59 


61 


59-554 


-0304 


13-203 


•1732 


59-315 


•04/4 


14-240 


•1725 


59-057 


•0444 


15-273 


•171 


61 


63 


61-507 


•039 7 


13-636 


•1709 


61-259 


-0428 


14-707 


•1702 


60-993 


•0459 


15-774 


•1774 


63 


65 


63-459 


•0409 


14-069 


•1046 


63-204 


•044/ 


15-174 


•1039 


62-930 


•0473 


16-275 


•103 1 


65 


67 


65-412 


•0422 


14-501 


•1903 


65-149 


•0455 


15-641 


•1095 


64-066 


•0488 


16-775 


•1007 


67 


69 


67-364 


•0434 


14-934 


-I960 


67-094 


•0469 


16-100 


•1952 


66002 


•0503 


17-276 


•194 3 


69 


71 


69-317 


•044 7 


15-367 


-2016 


69 030 


•0482 


16-575 


•200 


60-730 


•05/7 


17-777 


•2000 


71 


73 


71 -270 


•046 


15 000 


•207 3 


70-903 


•049 6 


17 042 


•2065 


70-675 


•0532 


10-270 


•2056 


73 


75 


73-222 


•0472 


16-233 


•2130 


72-920 


•0509 


17-500 


•2121 


72-611 


•0546 


10-779 


•2112 


75 


77 


75175 


•040 5 


16-666 


•210 7 


74 072 


-0523 


17-975 


•2170 


74-547 


•0561 


19-279 


•2169 


77 


79 


77-127 


•049 7 


17-099 


-2244 


76-017 


•053 6 


10-442 


•223 5 


76-404 


•0575 


19-700 


•2225 


79 


01 


79-000 


•0510 


17-532 


•2300 


70-762 


•055 


10-909 


•229 1 


70-420 


•059 


20-28/ 


•2201 


01 


03 


01-033 


•0523 


17-964 


-235 7 


00-707 


-0564 


19-376 


•234 8 


00-356 


•0605 


20-702 


•233 7 


03 


05 


02-905 


•0535 


10-397 


-2414 


02-651 


•057 7 


19-043 


•2404 


02-293 


•06/9 


21-202 


•2394 


05 


07 


04-930 


•0540 


10 030 


-2471 


04-596 


•0591 


20-3/0 


-246/ 


84-229 


•0634 


21-703 


•2450 


87 


09 


06090 


•056 


19-263 


•2520 


06-541 


•0604 


20-777 


•2517 


06-165 


•0648 


22-204 


•250 6 


89 


91 


88-841 


•0573 


19-696 


•2504 


88-485 


•0610 


21-244 


•2574 


00-101 


•0663 


22-705 


•2563 


91 


93 


90-796 


-050 6 


20-129 


•264 1 


90-430 


•0632 


21-710 


•263 1 


90-030 


•0677 


23-205 


•2619 


93 


95 


92-740 


-059 


20-562 


•269 


92-375 


•0645 


22-177 


•260 7 


91-974 


•0692 


23-706 


•2675 


95 


97 


94-701 


-061 1 


20-995 


•2755 


94-320 


•065 9 


22-644 


•2744 


93-910 


•0706 


24-207 


•2732 


97 


99 


96-653 


-0623 


21-420 


•2012 


96-265 


-0672 


23111 


•200 


95-047 


•0721 


24-700 


•270 


99 


1 


Sin. 


0I& 


Cos. 


iio' 


Sin. 


a/0' 


Cos. 


a/0' 


Sin. 


a/0' 


Cos. 


a/0' 




202' 


* 30' 


7T 


30' 


203* 30' 7er 3(y 1 


204' 


30' 75' 30' 


257^ 30r 


102'' 


30' 


256* 


3& 103' 


«• 1 


255r 30' 104' 


" 



AUXILIARY TABLEa 







Traverses for Hie middle 


of each D 


egree. 






344' 


* 30' ir 3(y 


343 


•30' 16' 


30' 


342- 


3& IT 30' 




• 


195 


' 30' /64' 


3(/ 


196 


• 3(/ 163' 


3& 


i9r 


30' 162' 


30' 


/ 


Cos. 


no' 


Sin. 


a 10' 


Cos. 


a/0' 


Sin. 


a/0' 


Cos. 


a/0' 


Sin. 


ll(f 


/ 


0-964 


'000 8 


0-267 


-002 8 


0-959 


'000 8 


0-284 


'002 8 


0-954 


-000 9 


0-301 


'0028 


3 


2-891 


'0023 


0-802 


'0084 


2-876 


'0025 


0-852 


'0084 


2.861 


-002 6 


0-902 


'0083 


3 


5 


4-818 


'003 9 


1-336 


-014 


4-794 


'0041 


1-420 


'013 9 


4-769 


•0044 


1-504 


'013 9 


5 


7 


6745 


-0054 


1-871 


'019 6 


6-712 


-005 8 


1-988 


'0195 


6-676 


'0061 


2-105 


-0194 


7 


9 


8-673 


-007 


2-405 


'0252 


8-629 


•0074 


2-556 


-0251 


8-583 


'0079 


2-706 


'025 


9 


II 


10-600 


'008 6 


2-940 


'030 8 


10-547 


'0091 


3-124 


'030 7 


10-491 


-009 6 


3-308 


'0305 


// 


13 


12-527 


-010 1 


3-474 


-0364 


12-465 


'010 7 


3-692 


'0363 


12-398 


'0114 


3-909 


'0361 


13 


15 


14-454 


-0117 


4-009 


-042 


14-382 


'0124 


4 260 


'0418 


14-306 


'013 1 


4-511 


•04/6 


15 


17 


16-382 


'0132 


4-543 


-047 7 


16-300 


•0/40 


4-828 


•0474 


16-213 


•0/49 


5-112 


•0472 


17 


19 


18-309 


'014 8 


5 078 


'0533 


18-218 


'015 7 


5-396 


'053 


18-121 


'016 6 


5-713 


'052 7 


19 


21 


20-236 


'0163 


5'6I2 


-0589 


20-135 


'0173 


5-964 


'058 6 


20-028 


'0184 


6-315 


'0583 


21 


23 


22-164 


-0179 


6-146 


•0645 


22-053 


'019 


6-532 


•064/ 


21 -935 


-020 1 


6-916 


'063 8 


23 


25 


24-091 


-0194 


6-681 


'070 1 


23-970 


'020 7 


7-100 


'069 7 


23-843 


'0219 


7-518 


•0694 


25 


27 


26018 


-0210 


7-215 


-075 7 


25-888 


-0223 


7-668 


'0753 


25-750 


-023 6 


81 19 


•0749 


27 


29 


27-945 


'0225 


7-750 


'0813 


27-806 


'024 


8-236 


'0809 


27-658 


-0254 


8-720 


-0805 


29 


31 


29-873 


'0241 


8-284 


'0869 


29-723 


'0256 


8-804 


'086 5 


29-565 


'0271 


9-322 


'086 


31 


33 


31-800 


'0257 


8-819 


-0925 


31-641 


-0273 


9-373 


'0920 


31-473 


'0289 


9-923 


-0916 


33 


35 


33-727 


-0272 


9-353 


'0981 


33-559 


-0289 


9-941 


-0976 


33-380 


'030 6 


10-525 


-0971 


35 


37 


35-654 


-028 8 


9-888 


'1037 


35-476 


-030 6 


10-509 


'1032 


35-288 


•0324 


11-126 


'102 6 


37 


39 


37-582 


'0303 


10-422 


'1093 


37-394 


'0322 


11-077 


'1088 


37-195 


•034/ 


11-728 


'1082 


39 


4/ 


39-509 


'0319 


10-957 


'1149 


39-312 


'0339 


11-645 


-1144 


39-102 


'0359 


12-329 


'113 7 


4/ 


43 


41-436 


'0334 


11-491 


'1205 


41-229 


'0355 


12-213 


'1199 


41-010 


-0376 


12-930 


'1193 


43 


45 


43-363 


-035 


12026 


-126 1 


43147 


-0372 


12-781 


'1255 


42-917 


-039 4 


13-532 


'124 8 


45 


47 


45-291 


-0365 


12-560 


'1317 


45-065 


'038 8 


13-349 


'131 1 


44-825 


-041 1 


14-133 


'1304 


47 


49 


47-218 


'0381 


13-095 


-1373 


46-982 


•0405 


13-917 


'136 7 


46-732 


•042 9 


14-735 


'1359 


49 


51 


49-145 


-039 6 


13-629 


-1430 


48-900 


•042/ 


14-485 


'1422 


48-640 


•044 6 


15-336 


'1415 


51 


53 


51-072 


-0412 


14-164 


'I48 6 


50-817 


•043 8 


15053 


'1478 


50-547 


•0464 


15-937 


'1470 


53 


55 


53-000 


'042 8 


14-698 


'1542 


52-735 


•0454 


15-621 


'1534 


52-454 


•04«/ 


16-539 


'1526 


55 


57 


54-927 


•0443 


15-233 


-159 8 


54-653 


•047/ 


16-189 


'1590 


54-362 


•049 9 


17-140 


'1581 


57 


59 


56-854 


•0459 


15-767 


'1654 


56-570 


•04«7 


16-757 


'1646 


56-269 


-0516 


17-742 


'163 7 


59 


61 


58-781 


•0474 


16-302 


-1710 


58-488 


•0504 


17-325 


'1701 


58-177 


•0534 


18-343 


'1692 


61 


63 


60-709 


•0490 


16-836 


'1766 


60-406 


-052 


17893 


'175 7 


60084 


-055 1 


18-944 


'174 8 


63 


65 


62-636 


'0505 


17-370 


'1822 


62-323 


'053 7 


18-461 


'1813 


61-992 


'0569 


19-546 


'1803 


65 


67 


64-563 


-0521 


17-905 


'1878 


64-241 


-0554 


19029 


'1869 


63-899 


-0586 20-147 


'1859 


67 


69 


66-491 


-053 6 


18-439 


'1934 


66-159 


-0570 


19-597 


'1924 


65-806 


•0604 20-749 


'1914 


69 


71 


68-418 


'0552 


18-974 


'199 


68-076 


-058 7 


20-165 


'198 


67-714 


'0621 


21-350 


'1970 


71 


73 


70-345 


'056 7 


19-508 


-204 6 


69-994 


-0603 


20-733 


'203 6 


69-621 


'063 9 


21 -952 


-2025 


73 


75 


72-272 


'0583 


20 043 


'2102 


71-911 


-062 


21-301 


-209 2 


71-529 


-0656 22-553 


-2081 


75 


77 


74-200 


'0599 


20-577 


-215 8 


73-829 


-063 6 


21-869 


'2148 


73-436 


-067 4\ 23- 154 


'213 6 


77 


79 


76-127 


'0614 


21-112 


-2214 


75-747 


-0653 


22-437 


'2203 


75-3U 


-069 1 


23-756 


'2192 


79 


81 


78-054 


'063 


21-646 


-227 


77-664 


'0669 


23-005 


'2259 


77-251 


'0709 


24-357 


•224 7 


81 


83 


79-981 


'0645 


22-181 


-232 7 


79-582 


-0686 


23-573 


'2315 


79-159 


-072 6 


24 959 


'2303 


83 


85 


81-909 


'0661 


22-715 


'2383 


81-500 


'0702 


24-141 


'2371 


81-066 


-074 3 \ 25 -560 


'2358 


85 


87 


83-836 


'0676 


23-250 


-243 9 


83-417 


-0719 


24-709 


'2426 


82-973 


-0761 26-161 


•24/4 


87 


89 


85-763 


'0692 


23-784 


-2495 


85-335 


-073 5 


25-277 


-2482 


84-881 


'0778 


26-763 


•2469 


89 


91 


87-690 


-070 7 


24-319 


'2551 


87-253 


'0752 


25-845 


'253 8 


86-788 


'079 6 


27-364 


-2525 


91 


93 


89-618 


-0723 


24-853 


-260 7 


89-170 


-0768 


26-413 


'2594 


88-696 


-0813 


27-966 


-258 


93 


95 


91-545 


-073 8 


25-388 


-2663 


91 088 


-0785 


26-981 


'265 


90-603 


-0831 


28-567 


'263 6 


95 


97 


93-472 


•0754 


25-922 


-2719 


93-006 


-0801 


27-549 


'2705 


92-511 


-084 8 


29-168 


'2691 


97 


99 


95-399 


-0770 


26-457 


-2775 


94-923 


-0818 


28-118 


'276 1 


94-418 


-086 6 


29-770 


•274 7 


99 


1 


Sin. 


9l(/ 


Cos. 


910' 


Sin. 


a/0' 


Cos. 


a/0' 


Sin. 


a/0' 


Cos. 


a/0' 


i 


28Sr 30' 74- 


30' 


28(r 30' IT 3(y 1 


28r 30' IT 30' 1 


254- 


30^ lOST 


30' 


253' 


30' 106!' 30' 


252' 


30' /or 30' 1 
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Traverses for the middle 


of each Degree. 








34/' 


'3</ /8° 


3(y 


340' 


30' ir 30' 


339' 


* 30' 20" 


30' 


•4. -J 


t 

•^ 


198' 


3(/ i6r 


3& 


199' 


30' 160^* 


30' 


200' 


' 30' 159"* 


3f3f 


•^ 


Cos. 


Zl(f 


Sin. 

~0-3l7 


610' 
~-002 8~ 


Cos. 


6I& 


Sin. 


hl(f 
•002 7 


Cos. 


ii& 


Sin. 


hlff 


<^ 


/ 


0-948 


-000 9 


0-943 


~t)0/'0 


"0734" 


0-937 


-0010 


0-350 


•002 7 


/ 


3 


2-845 


-002 8\ 0-952 


•0083 


2-828 


•0029 1001 


•0082 


2-810 


-003 1 


1-051 


•0082 


3 


5 


4-742 


•004 6 1-587 


-013 8 


4-713 


•004 9, /-669 


•013 7 


4-683 


-0051 


1-751 


•013 6 


5 


7 


6-638 


-006 5 


2-221 


-0193 


6-598 


•006 8 


2-337 


•0192 


6-557 


-007 1 


2-451 


•0191 


7 


9 


8-535 


^83 


2^856 


-024 8 


8-484 


•008 7 


3-004 


•024 7 


8-430 


-0092 


3152 


•0245 


9 


II 


I0%32 


-0102 


3-490 


•0303 


10-369 


•010 7 


3-672 


•0302 


10-303 


-0112 


3-852 


•030 


// 


13 


12-328 


-012 


4- 125 


•0359 


12-254 


•0126 


4-339 


•035 6 


12-177 


•0132 


4-553 


•0354 


13 


IS 


14-225 


•013 8 


4-760 


•0414 


14-140 


•0/4 6 


5 007 


•041 1 


14050 


•0153 


5-253 


•0409 


15 


17 


16122 


•015 7 


5-394 


•046 9 


16 025 


•0165 


5-675 


•0466 


15-923 


•0173 


5-954 


•0463 


17 


19 


18018 


•0175 


6-029 


•0524 


17-910 


•0/84 


6-342 


•0521 


17-797 


•0194 


6-654 


•0518 


19 


21 


19-915 


•0194 


6663 


•0579 


19-795 


•0204 


7-010 


•0576 


19-670 


•0214 


7-354 


•0572 


21 


23 


21-811 


•0212 


7-298 


•0634 


21 -681 


•0223 


7-678 


•0631 


21-543 


•0234 


8-055 


•062 7 


23 


25 


23-708 


•023 1 


7-933 


•069 


23-566 


•0243 


8-345 


•0686 


23-417 


•0255 


8-755 


•0681 


25 


27 


25-605 


•024 9 


8-567 


•0745 


25-451 


•0262 


9-013 


•074 


25-290 


•0275 


9-456 


-073 6 


27 


29 


27-501 


•026 8 


9-202 


-080 


27-337 


•0282 


9-680 


•0795 


27-163 


•0295 


10-156 


•079 


29 


31 


29-398 


•028 6 


9-836 


•0855 


29-222 


•030 1 


10-348 


•0850 


29-037 


-0316 


10-856 


•0845 


31 


33 


31-295 


•0305 


10-471 


•0910 


31-107 


•032 0\ 11-016 


•0905 


30-910 


•033 6 


11-557 


•0899 


33 


35 


33-191 


•0323 


II -106 


•096 5 


32-992 


•0340\ 11-683 


-096 


32-784 


•035 7 


12-257 


•0954 


35 


37 


35-088 


-034 2 11-740 


-102 1 


34-878 


-035 9 12-351 


•1015 


34-657 


•037 7 


12-958 


•100 8 


37 


39 


36-985 


•036 0.12-375 


-1076 


36-763 


-0379 13018 


•1069 


36-530 


•039 7 


13-658 


•1063 


39 


41 


38-881 


•0378 13009 


•113 1 


38-648 


-039 8 \ 13-686 


•1124 


38-404 


•04/8 


14-359 


•1117 


4/ 


A3 


40-778 


•039 7 13-644 


•1186 


40-534 


•0418 14354 


•1179 


40-277 


•0438 


15^059 


•1172 


43 


45 


42-675 


-0415 14-279 


•1241 


42*4/9 


•043 7 \ 15021 


•1234 


42150 


•045 8 


15-759 


•1226 


45 


47 


44-571 


-043 4\ 14-913 


•129 7 


44-304 


•045 61/5-689 


•1289 


44024 


•0479 


16-460 


•1281 


47 


49 


46-468 


•0452 15-548 


•1352 


46/89 


•0476116-357 


•1344 


45-897 


•0499 


17160 


•1335 


49 


51 


48-365 


•0471 16-183 


•140 7 


48-075 


•0495^ 17024 


•139 8 


47-770 


•052 


17-861 


•139 


51 


53 


50-261 


•0489 16-817 


•1462 


49 960 


•05/ 5 1 17-692 


•1453 


49-644 


-054 


18-561 


•/444 


53 


55 


52-158 


•050 8 17-452 


•1517 


51-845 


•053 4 


18-359 


•150 8 


51-517 


•056 


19-261 


'/499 


55 


57 


54-054 


•052 6 18-086 


•1572 


53-731 


•0553 


19-027 


•1563 


53-390 


•0581 


19-962 


•1553 


57 


59 


55-951 


•0545 18-721 


•162 8 


55-616 


•0573 


19-695 


•1618 


55-264 


•0601 


20-662 


•1608 


59 


61 


57-848 


•0563 19-356 


•1683 


57-501 


•0592 


20-362 


•1673 


57137 


•0621 


21-363 


•166 2 


61 


63 


59-744 


-058 l\ 19-990 


•173 8 


59-386 


•0612 


21 -030 


•1727 


59010 


•0642 


22063 


•1717 


63 


65 


61-641 


•060 0^20-625 


•1793 


61 -272 


-063 1 


21 -697 


•1782 


60-884 


•066 2\ 22763 


•1771 


65 


67 


63-538 


•0618 


21-259 


•184 8 


63- 157 


-0651 


22-365 


*I837 


62-757 


•0683 


23.464 


•182 6 


67 


69 


65-434 


•063 7 


21-894 


•1903 


65-042 


-067 


23 033 


•1892 


64-630 


•0703 


24/64 


•188 


69 


71 


67-331 


•0655 


22-529 


-1959 


66-928 


-0689 23-700 


•1947 


66-504 


•0723 


24-865 


•193 5 


71 


73 


69-228 


•0674 


23-163 


•2014 


68-813 


•0709 \ 24-368 


•2002 


68-377 


•0744 


25-565 


•1989 


73 


75 


71-124 


•0692 


23-798 


•2069 


70-698 


•072 8, 25 -036 


•205 7 


70-250 


•0764 26-266 


•2044 


75 


77 


73 021 


•071 1 


24-432 


•2124 


72-583 


•074 8 25-703 


•211 1 


72-124 


-0784 26-966 


•209 8 


77 


79 


74-918 


•0729 


25-067 


-2179 


74-469 


•076 7^26-371 


-216 6 


73-997 


-0805 27-666 


•2153 


79 


81 


76-814 


•074 8\ 25 -702 


-2234 


76-354 


•078 7 27-038 


-222 1 


75-870 


-0825 28-367 


•2207 


81 


83 


78-711 


•076 6] 26-336 


-229 


78-239 


•080 6:27-706 


•227 6 


77-744 


•084 6 29 067 


•2262 


83 


85 


80-608 


•0785 


26-971 


•234 5 


80- 125 


-082 5 '28-374 


•233 1 


79-617 


•086 6^29-768 


•2316 


85 


87 


82-504 


•0803 


27-606 


•240 


82-010 


•084 5 \ 29-041 


•2386 


81 -490 


•0886 


30-468 


•2370 


87 


89 


84-401 


•0821 


28-240 


-2455 


83-895 


•0864 29-709 


•2440 


83-364 


•090 7 


31-168 


•2425 


89 


91 


86-297 


•084 


28-875 


-2510 


85 780 


•0884:30-376 


•2495 


85-237 


•092 7] 31 869 


-2479 


91 


93 


88194 


•085 8 


29-509 


-256 5 


87-666 


•0903 31 044 


•2550 


87-111 


•094 7.32*569 


•2534 


93 


95 


90 091 


•087 7 


30-/44 


•262 1 


89-551 


•0922 31-712 


•260 5 


88-984 


•096 8 33-270 


•2588 


95 


97 


91-987 


•089 5 


30-779 


•267 6 


91-436 


•0942 32-379 


•2660 


90-857 


•098 8 33-970 


•2643 


97 


99 


93-884 

Sin. 


•0914 
6I& 


31-413 


•273 1 


93-322 


•0961 


33-047 


•2715 


92-731 


•1009 34^671 


•269 7 


99 


Cos. 


il& 


Sin. 


«/0' 


Cos. 


il& 


Sin. 


910' 


Cos. 


«/0' 


• 


288 


• 30' ir 


3(y 


289' 


30' 70* 


30^ 


290' 


3& esr 30' 




251* 


' 30' /0«' 


30' 


250' 


3& 109" 


30' 


249' 


30' no" 


3& 



I 
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Traverses for the middle 


of each Degree. 








338' 


• 3(y 2r 


scy 


337' 


30' 2T 30' 


336* 30' 23* 30' 


• 


• 


2or 


' 3& 158"" 


3& 


202' 


30' I5r 30' 


203' 


30' I56r 3Qf 




Cos. 


«/0' 


Sin. 


610' 


Cos. 


hiof 


Sin. 


J/o' 


Cos. 


J/0' 


Sin. 


hi(f 


/ 


0-930 


-001 1 


0^367 


-002 7 


0-924 


-001 1 


0-383 


'002 7 


0-917 


•0012 


0-399 


'002 7 


/ 


3 


2-791 


'0032 


rioo 


-008 1 


2-772 


-0033 


1-148 


-0081 


2-751 


•0035 


1-196 


•008 


3 


5 


4-652 


*0053 


r833 


•013 5 


4619 


•005 6 


1-913 


-0134 


4-585 


005 8 


1-994 


•0133 


5 


7 


6-513 


'0075 


2-566 


•0189 


6-467 


•007 8 


2-679 


•0188 


6-419 


-0081 


2-791 


018 7 


7 


9 


837 A 


-0096 


3-299 


•0244 


8-315 


•010 


3-444 


•0242 


8-254 


•0104 


3-589 


•0240 


9 


II 


10-235 


-0117 


4032 


'029 8 


10-163 


•0122 


4-210 


'029 6 


10088 


•012 8 


4-386 


'0293 


II 


13 


12095 


-0139 


4-765 


•0352 


12-010 


•014 5 


4-975 


•0349 


1 1 -922 


•015 1 


5-184 


•034 7 


13 


15 


13-956 


-016 


5-498 


-040 6 


13-858 


•0167 


5-740 


•040 3 


13-756 


•0174 


5-981 


•0400 


15 


17 


15-817 


-0181 


6-231 


•046 


15-706 


•0189 


6-506 


'045 7 


15-590 


•019 7 


6-779 


•0453 


17 


19 


17-678 


'0203 


6-964 


•0514 


17-554 


•0212 


7-271 


051 1 


17-424 


'022 


7-576 


'050 7 


19 


21 


19-539 


0224 


7-697 


•056 8 


19-401 


•0234 


8-036 


•0564 


19-258 


'0244 


8-374 


'0560 


21 


23 


21-400 


0245 


8-430 


•0622 


21 -249 


'025 6 


8-802 


•0618 


21 -092 


•026 7 


9171 


•0614 


23 


25 


23-260 


-026 7 


9-163 


•067 7 


23-097 


'027 8 


9-567 


•0672 


22-927 


•029 


9-969 


'0667 


25 


27 


25-121 


•028 8 


9-896 


-073 1 


24-945 


•0301 


10-332 


•072 6 


24-761 


•0313 


10-766 


•072 


27 


29 


26-982 


0309 


10-629 


-0785 


26-793 


'0323 


11-098 


'0779 


26-595 


•033 6 


11-564 


-0774 


29 


31 


28-843 


•033 


11-362 


'083 9 


28-640 


'0345 


11-863 


'0833 


28-429 


'036 


12-361 


'082 7 


31 


33 


30-704 


•0352 


12-095 


•0893 


30-488 


'036 7 


12-629 


'088 7 


30-263 


•0383 


13-159 


•088 


33 


35 


32-565 


•0373 


12-828 


-0947 


32-336 


•039 


13-394 


•0941 


32097 


•040 6 


13-956 


-093 4 


35 


37 


34425 


'0394 


13-561 


•100 1 


34184 


•0412 


14-159 


•0994 


33-931 


•0429 


14-754 


•098 7 


37 


39 


36-286 


•0416 


14-294 


•1056 


36-031 


•0434 


14-925 


•104 8 


35-765 


•0452 


15-551 


•1040 


39 


4/ 


38-147 


'0437 


15-027 


•IIIO 


37-879 


•0456 


15-690 


•1102 


37-599 


•0476 


16-349 


'1094 


41 


43 


40-008 


'045 8 


15-760 


'1164 


39-727 


•0479 


16-455 


•115 6 


39-434 


•0499 


17-146 


•1147 


43 


45 


41-869 


'048 


16-493 


•1218 


4/ -575 


•050 1 


17-221 


•120 9 


4/ -268 


•0522 


17-944 


•120 


45 


47 


43-730 


'050 1 


17-226 


•1272 


43-422 


•0523 


17-986 


'1263 


43102 


•054 5 


18-741 


1254 


47 


49 


45-590 


•0522 


17-959 


•1326 


45-270 


•0545 


18-751 


'1317 


44-936 


-056 8 


19-539 


'130 7 


49 


51 


47-451 


'0544 


18-692 


•1380 


47118 


'056 8 


19-517 


'1371 


46-770 


'0592 


20-336 


•1360 


51 


53 


49-312 


•0565 


19-425 


'143 4 


48-966 


•059 


20-282 


•1424 


48-604 


•0615 


21-134 


•1414 


S3 


55 


51-173 


•0586 


20-158 


'1489 


50-813 


•0612 


21-048 


•1478 


50-438 


•063 8 


21-931 


'1467 


55 


57 


53-034 


•060 8 


20-891 


•1543 


52-661 


-063 5 


21-813 


'1532 


52-272 


•0661 


22-729 


•1521 


57 


59 


54-895 


•0629 


21-624 


159 7 


54509 


•065 7 


22-578 


'1586 


54-107 


•0684 


23-526 


'1574 


59 


61 


56-755 


•065 


22-357 


'1651 


56-357 


•0679 


23-344 


•1639 


55-941 


'070 8 


24-324 


'162 7 


61 


63 


58-616 


-0672 


23 090 


•1705 


58-204 


•070 1 


24-109 


•1693 


57-775 


•073 1 


25121 


•168 1 


63 


65 


60-477 


-0693 


23-823 


'1759 


60052 


•0724 


24-874 


•1747 


59-609 


•0754 


25-919 


•1734 


65 


67 


62-338 


•0714 


24-556 


•1813 


61-900 


•074 6 


25-640 


•180 1 


61-443 


•077 7 


26-716 


•1787 


67 


69 


64-199 


•073 6 


25-289 


-1867 


63-748 


•076 8 


26-405 


•1854 


63-277 


•080 


27-514 


•1841 


69 


71 


66-060 


•075 7 


26 022 


•1922 


65-595 


'079 


27-171 


•190 8 


65-111 


•0824 


28-311 


'1894 


71 


73 


67-920 


•0778 


26-755 


-197 6 


67-443 


•0813 


27-936 


•1962 


66-945 


•084 7 


29-109 


•1947 


73 


75 


69-781 


'080 


27-488 


•203 


69-291 


-0835 


28-701 


•2016 


68-780 


•087 


29-906 


•200 1 


75 


77 


71-642 


•0821 


28-221 


•2084 


71-139 


-085 7 


29-467 


'206 9 


70-614 


•0893 


30-704 


•2054 


77 


79 


73-503 


•0842 


28-954 


•213 8 


72-986 


-0879 


30-232 


•2123 


72-448 


-0916 


31-501 


-210 7 


79 


81 


75-364 


'0864 


29-687 


•2192 


74-834 


-0902 


30-997 


'2177 


74-282 


•094 


32-299 


-216 1 


81 


83 


77-225 


•0885 


30-420 


-224 6 


76-682 


•0924 


31-763 


223 1 


761 16 


•096 3 


33 096 


-2214 


83 


85 


79-085 


•090 6 


31-153 


-230 


78-530 


•094 6 


32-528 


•2284 


77-950 


'098 6 


33-894 


•226 7 


85 


87 


80-946 


•092 8 


31-886 


-2355 


80-378 


•096 8 


33-293 


'233 8 


79-784 


•1009 


34-691 


•2321 


87 


89 


82-807 


•0949 


32-619 


•2409 


82-225 


•0991 


34-059 


•2392 


81-618 


'1032 


35-489 


•2374 


89 


91 


64668 


•097 


33-352 


-2463 


84-073 


•1013 


34-824 


•2446 


83-452 


'1056 


36-286 


•242 8 


91 


93 


86 529 


•099 1 


34-085 


•2517 


85-921 


•1035 


35-590 


•249 9 


85-287 


•1079 


37 084 


•248 1 


93 


95 


88-390 


•1013 


34-818 


-257 1 


87-769 ' 


•105 8 


36-355 


-2553 


87-121 


'1102 


37-881 


'253 4 


95 


97 


9Q-25I 


'1034 


35-551 


•262 5 


89-616 


-1080 


37-120 


'260 7 


88-955 


•1125 


38-679 


'2588 


97 


99 


92' III 


'1055 


36-284 


•2679 


91-464 


-1102 


37-886 


•2661 


90-789 


•114 8 


39-476 


•2641 


99 


^ 


Sin. 


d/c 


Cos. 


Sl& 


Sin. 


ll(f 


Cos. 


8 Iff 


Sin. 


iK/ 


Cos. 


a/0' 


m 


f^ 


29/' 


30' €8' 


30' 


292"^ 


30' €T 30' 1 


293* 


3& ee* 30' 1 




248" 


30' III* 


3(f 


247* 3& 112* 


30' 1 


24d* 30' 113* 


3. 



SK 
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Traverses for the middle 


of each Degree. 






33$^ 


30' 24' 


3(y 


334 


• 30' 2P 30' 


333* 


• 3(y 2^ 3(y 1 




• 


204' 


30' 155' 


30f 


205* 30^ 154* 


3& 


206r 30' 153' 


3(f 


1 


Cos. 


a/0' 


Sin. 


610' 


Cos. 


a/0' 


Sin. 


il& 


Cos. 


a/0' 


Sin. 


a/0' 


/ 


0'9I0 


'0012 


0-415 


'002 6 


0-903 


•0013 


0-431 


•0026 


0-895 


-0013 


0'446 


•0026 


/ 


3 


2-730 


'003 6 


1-244 


-0079 


2-708 


'003 8 


1-292 


•0079 


2-685 


-0039 


1-339 


'0078 


3 


5 


4-550 


'006 


2 073 


-0132 


4-513 


-006 3 


2-153 


•013 1 


4-475 


•006 5 


2-231 


•013 


5 


7 


6-370 


•0084 


2-903 


'0185 


6-318 


'008 8 


3014 


'018 4 


6-265 


•0091 


3- 123 


-0182 


7 


9 


8190 


'0109 


3-732 


'023 8 


8-123 


'0113 


3-875 


•023 6 


8-054 


'0117 


4016 


•0234 


9 


II 


10-010 


'0133 


4-562 


'0291 


9-928 


•013 8 


4*736 


'0289 


9-8U 


'0143 


4-908 


•0286 


// 


13 


11-829 


'015 7 


5-391 


'034 4 


11-734 


'0163 


5-597 


'034 1 


11-634 


-0169 


5-801 


•033 8 


13 


IS 


13-649 


'018 1 


6-220 


'039 7 


13-539 


•018 8 


6-458 


'0394 


13-424 


•019 5 


6-693 


-039 


15 


17 


15-469 


•0205 


7 050 


-045 


15-344 


'0213 


7-319 


'0446 


15-214 


•0221 


7-585 


•0443 


17 


19 


17-289 


'0229 


7-879 


-0503 


17149 


•023 8 


8- 180 


'0499 


17-004 


•024 7 


8-478 


•0495 


19 


21 


19-109 


'0253 


8-709 


•055 6 


18-954 


-0263 


9'04l 


'0551 


18-794 


-0273 


9-370 


-054 7 


21 


23 


20-929 


•027 7 


9-538 


•0609 


20-759 


'028 8 


9-902 


•0604 


20-583 


0299 


10263 


'0599 


23 


25 


22-749 


'0302 


10-367 


-066 2 


22-565 


'0313 


10-763 


'065 6 


22-373 


0324 


11-155 


0651 


25 


27 


24-569 


'0326 


11-197 


-0715 


24-370 


'033 8 


11-624 


'070 9 


24-163 


'0350 


12-047 


-070 3 


27 


29 


26-389 


-035 


12026 


•076 8 


26-175 


'0363 


12-485 


•076 1 


25-953 


-0376 


12-940 


-0755 


29 


31 


28-209 


•0374 


12-855 


'0821 


27-980 


•038 8 


13-346 


'0814 


27-743 


•0402 


13-832 


•080 7 


31 


33 


30029 


'039 8 


13-685 


'0874 


29-785 


•0413 


14-207 


•086 6 


29-533 


•042 8 


14-725 


-0859 


33 


35 


31-849 


'0422 


14-514 


-092 6 


31-590 


•043 8 


15-068 


•0919 


31-323 


'0454 


15-617 


-091 1 


35 


37 


33-669 


'0446 


15-344 


-097 9 


33-396 


-046 3 


15-929 


•0971 


33113 


'048 


16-509 


-0963 


37 


39 


35-488 


-047 


16-173 


•1032 


35-201 


-048 8 


16-790 


•1024 


34-902 


'0506 


17-402 


'1015 


39 


4/ 


37-308 


-0495 


17-002 


'1085 


37 006 


•0513 


17-651 


•1076 


36-692 


-0532 


18-294 


'1067 


4/ 


43 


39- 128 


'0519 


17-832 


'113 8 


38-811 


-053 8 


18-512 


'1129 


38-482 


-0558 


19187 


-1119 


43 


45 


40-948 


'05 A 3 


18-661 


'1191 


40-616 


•0564 


19-373 


•1181 


40-272 


'0584 


20^079 


'1171 


45 


47 


42-768 


'056 7 


19-491 


'124 4 


42-422 


•058 9 


20-234 


1234 


42-062 


-0610 


20^971 


'1224 


47 


49 


44-588 


'0591 


20-320 


•129 7 


44-227 


•0614 


21 095 


'128 6 


43-852 


063 6 


21 -864 


'1276 


49 


51 


46-408 


'061 5 


21-149 


•1350 


46-032 


'0639 


21-956 


'133 9 


45-642 


•0662 


22-756 


-1328 


51 


53 


48-228 


•0639 


21-979 


'1403 


47-837 


•0664 


22-817 


'1392 


47-432 


'0688 


23-648 


'1380 


53 


55 


50 048 


•0663 


22-808 


'U5 6 


49-642 


•0689 


23-678 


1444 


49-221 


-0714 


24-541 


'1432 


55 


57 


51-868 


-0688 


23-638 


'1509 


51-447 


'0714 


24-539 


149 7 


51 on 


•074 


25-433 


'1484 


57 


59 


53-688 


•0712 


24-467 


-1562 


53-253 


'073 9 


25-400 


'1549 


52-801 


'076 6 


26-326 


•1536 


59 


61 


55-508 


'073 6 


25-296 


1615 


55 058 


-076 4 


26-261 


'1602 


54-591 


-079 2 


27-218 


•158 8 


61 


63 


57-328 


'076 


26126 


'166 8 


56-863 


'078 9 


27122 


'1654 


56-381 


•0818 


28-110 


164 


63 


65 


59147 


'0784 


26-955 


1721 


58-668 


'0814 


27-983 


'1707 


58171 


'0844 


29-003 


•1692 


65 


67 


60-967 


'080 8 


27-784 


'1773 


60-473 


'083 9 


28-844 


•1759 


59-961 


'087 


29-895 


•1744 


67 


69 


62-787 


'0832 


28-614 


-1826 


62-278 


'086 4 


29-705 


'1812 


61-750 


089 6 


30-788 


•1796 


69 


71 


64-607 


-085 6 


29-443 


-1879 


64084 


•0889 


30-566 


1864 


63-540 


'0922,31-680 


•1848 


71 


73 


66-427 


-0881 


30-273 


'1932 


65-889 


'0914 


31-427 


-1917 


65-330 


•094 8 32-572 


•190 


73 


75 


68-247 


-090 5 


31 -102 


-198 5 


67-694 


093 9 


32-288 


'1969 


67120 


•0973 33-465 


•1952 


75 


77 


70 067 


'092 9 


31-931 


-203 8 


69-499 


'096 4 


33149 


•2022 


68-910 


•0999 34-357 


•2005 


77 


79 


71-887 


-0953 


32-761 


'209 1 


71-304 


'098 9 


34-010 


•2074 


70-700 


-1025.35-250 


-205 7 


79 


81 


73-707 


'097 7 


33-590 


'2144 


73- 109 


'1014 


34-871 


'212 7 


72-490 


•105 r 36-142 


-2109 


81 


83 


75-527 


'100 1 


34-420 


'219 7 


74-915 


'1039 


35-732 


•2179 


74-280 


'107 7 


37-034 


-2161 


83 


85 


77-347 


'1025 


35-249 


'225 


76-720 


'1064 


36-593 


•2232 


76 069 


'1103 


37-927 


-2213 


85 


87 


79-167 


'1049 


36078 


'2303 


78-525 


'1090 


37-454 


-2284 


77-859 


'1129 


38-819 


•2265 


87 


89 


80-987 


'1074 


36-908 


'2356 


80-330 


'1115 


38-315 


-233 7 


79-649 


-1155 


39-712 


-2317 


89 


91 


82-806 


'109 8 


37-737 


'240 9 


82135 


'1140 


39-177 


-2389 


81-439 


'118 1 


40604 


-2369 


91 


93 


84-626 


'1122 


38-566 


•2462 


83-940 


'1165 


40 038 


'2442 


83-229 


'120 7 


41-496 


•2421 


93 


95 


86-446 


•114 6 


39-396 


-251 5 


85-746 


'1190 


40-899 


'2494 


85-019 


'1233 


42-389 


-2473 


95 


97 


88-266 


'1170 


40-225 


•256 8 


87-551 


'1215 


41-760 


•254 7 


86-809 


1259 


43-281 


-2525 


97 


99 


90 086 


-1194 


41-055 


•262 1 


89-356 


'1240 


42-621 


-2599 


88-599 


'1285 


44-174 


•2577 


99 


• 


Sin. 


il& 


Cos. 


«/0' 


Sin. 


a/0' 


Cos. 


a/0' 


Sin. 


a/0' 


Cos. 


a/0' 


^ 




















^ 


294 


' 30' er 3(y 


295* 30' 64' 


3(y 


296' 3(/ er 3(y i 


*^ 


245* 3& 1/4' 


30' 


244 


' 3(y llSr 3i/ 


243' 


3& 11^ 30' 
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of each Degree. 








332* 


• 30' 27'' 


30' 


331 


• 30' 28' 


30' 


330* 


3(/ 29' 30' 




• 


207* 


* 30' 152^* 


3& 


208 


• 3& i5r 


3& 


209 


• 30' 150' 


30f 


1 


Cos. 


a/0' 


Sin. 


810' 


Cos. 


«/0' 


Sin. 


8I& 


Cos. 


810' 


Sin. 


810' 


/ 


0-887 


-0013 


0-462 


-002 6 


0-879 


•00/4 


0-477 


-002 6 


0-870 


•0014 


0-492 


-0025 


/ 


3 


2 '661 


-004 


1-385 


-007 7 


2-636 


•0042 


1-431 


-007 7 


2-611 


•0043 


1-477 


-007 6 


3 


5 


4-435 


-006 7 


2-309 


-0129 


4-394 


•006 9 


2-386 


012 8 


4-352 


•0072 


2-462 


•012 7 


5 


7 


6-209 


-0094 


3-232 


'018 1 


6- 152 


'009 7 


3-340 


'0179 


6 092 


•010 


3-447 


•0177 


7 


9 


7-983 


•0/2/ 


4-156 


-0232 


7-909 


'0125 


4-294 


'023 


7-833 


•0129 


4-432 


•022 8 


9 


II 


9-757 


'0/4 8 


5-079 


-028 4 


9-667 


-0153 


5-249 


'028 1 


9-574 


•0158 


5-417 


•027 8 


II 


13 


11-531 


-0175 


6 003 


-033 5 


11-425 


-018 


6-203 


•033 2 


11-315 


•0186 


6-402 


•0329 


13 


15 


13-305 


-020 1 


6 926 


-038 7 


13-182 


-020 8 


7157 


•0383 


13 055 


•0215 


7-386 


•038 


15 


17 


15079 


'022 8 


7-850 


-043 9 


14-940 


'023 6 


8112 


-0435 


14-796 


•0244 


8-371 


•043 


17 


19 


16-853 


-0255 


8-773 


-049 


16-698 


-0264 


9066 


-048 6 


16-537 


•0272 


9-356 


'0481 


19 


21 


18-627 


-0282 


9-697 


-0542 


18-455 


'029 1 


10 020 


'053 7 


18-277 


•0301 


10-341 


'0532 


21 


23 


20-401 


-030 9 


10-620 


-0593 


20-213 


-0319 


10-975 


-058 8 


20018 


•0329 


11-326 


'058 2 


23 


25 


22175 


-033 6 


11-544 


-0645 


21-970 


-034 7 


11-929 


-063 9 


21-759 


•035 8 


12-311 


'0633 


25 


27 


23-949 


-0363 


12-467 


-069 7 


23-728 


-0375 


12-883 


-069 


23-500 


'038 7 


13-295 


'068 4 


27 


29 


25-723 


'039 


13-391 


-074 8 


25-486 


'0403 


13-838 


-0741 


25-240 


•04/5 


14-280 


•0734 


29 


31 


27-497 


-0416 


14-314 


-080 


27-243 


'043 


14-792 


'0792 


26-981 


•0444 


15-265 


'0785 


31 


33 


29-271 


-0443 


15-238 


-0851 


29-001 


-045 8 


15-746 


-0844 


28-722 


•0473 


16-250 


'0835 


33 


35 


31-045 


-0470 


16161 


-090 3 


30-759 


'048 6 


16-701 


•0895 


30-462 


-050 1 


17-235 


'0886 


35 


37 


32-819 


-049 7 


17 085 


-095 5 


32-516 


-0514 


17-655 


-094 6 


32-203 


-053 


18-220 


'093 7 


37 


39 


34-593 


-0524 


18 008 


-100 6 


34-274 


-0541 


18-609 


-099 7 


33-944 


0559 
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